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INTRODUCTORY NOTE 

Ik compiliug this pocket-book the ftim has been to provide a 
manual for the uae of those who are concerned in the manaf actnre 
and nse of aiicr&ft. 

Though it ma7 contain a conBiderable amount of infoimation 
of inteieBt to the pilot, it ie not piimarilj intended for hia use, 
foi there ia not a great deal in hia vocation that can be learnt 
from books. 

Technical information, which has advanced by leapa and bounds 
during the war, was largely treated as confidential by the authori- 
ties, and was therefore unavailable until acme time after the 
armistice. This fact, together with the continued advance of the 
acience, will necesaitate the frequent addition of new matter 
and the revision of artidea which, though at the tune of their 
being written may have been the dernier mot, become less up 
to date by the Ume that they have emerged from the present 
much congested channels ofthe printers' trade. 

To the designer, the draughtsman, the manufacturer, and the 
conveyer of goods or passengers by air, the Editor hopes that the 
present volume may be of uae and that information of aervice to 
the controllers and organizers of airways —information of a com- 
metcial nature, thatia - may be patiently awaited with the advent 
of further editions, such infoimation being at the present moment, 
if not totally lacking, wholly unreliable as a guide to the future, 
and even then jealously guarded. 

As the railway or hydraulic engineer now tuina to one of the 
establiahed engineering pocket-books for complete information 
on his own subject, so in due course, we hope, will the air engineer 
find all the information that he wants in this and future issues of 
the "Aeroplane Handbook." 



THE EDITOB. 



LOHDOH, 

Diembtr, ISIS. 
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AEROPLANE HANDBOOK 

AEROPLANE AND AERONAUTICAL 
INSTRUMENTS 

By Capt. a. F. C. POLLARD. R.A.P. 

Tee standard aeronautical inBtruments briefly described in this 
article have been divided into two main categories — Flying In- 
struments and Engine Instruments. 

F^jring Iiutminenti include those instnunents the indications 
of which help the aeronaut to judge his position, and the rate at 
which he is changing his position, in space, as well as the direc- 
tion in which he may be moving. Those instruments which are 
merely computers, or mechanical calculators, will also be included 
in this class, since they are used to replace the draughting board 
oi logarithmic tables in making rapid and approximate calcula- 
tions while in the air, with the variables given by the indicating 
instruments. Only the most succeBsfuI and commonly used 
computer will be described, though a great many have been 
devised and tried. 

Engine Imtramsiiti include those instruments the indications 
of which enable the pOot to watch the performance and behaviour 
of his engine or engines, and the correct functioning of the various 
parts of the engine installation, the smooth working of which is so 
necessary to uninterrupted flight. Three of the standard instru- 
ments will be briefly described. 

FLYING INSTRUMENTS 

I. — ^Iintrameiita for meaniriiig the Height of Ainnft above the 
Snilsce ol the Earth. 

The problem of measuring accurately the height of aircraft 
above the surface of the earth is a difficult one, and no instru- 
ment has yet been devised which solves this problem really 
satisfactorily. 

The Altimeter. — The instrument used universally by aeronauts 
is the atiimeler, which is merely an aneroid barometer measuring 
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' jtlie .preasuM df 'the atm.osph.eie. An approximation to the true 
height is then obtained frran an assumed relation between atmo- 
spheric pressure and height. Id the first place, the atmosphere 
is asaumed to have a constant temperature of 10° C. throughout, 
and, in the second place, a ground pressure of 760 mms. of mercury, 
which is equivalent to 29-92 inches of mercury, Ei^Iish makers 
take the conventional figure of 29-90 inches, which is about 
14-71 lb. weight per square inch. 

The following table gives the relation between height and 
pressure in such an ideal atmosphere, and the height thus obtained 
from a presBuie-measuring instrument is known as the isothermal 
height in distinction from the true height, to which it can only be 
a rough approximation. 



Height 


BaremUtr 
(iMhea). 


Itolhermal 
might 


(IrKhe»). 


Sfl 


Barometer 
(/ncAw). 





2S-00 


11,000 


19-96 


21,000 


13-80 


1,000 


28-82 


12,000 


19-23 


22,000 


13-31 






13,000 


18-53 


23,000 




3,000 




14,000 


17-86 


24,000 


12-36 


4.000 


25'81 


15.000 


17-23 




1192 


5,000 


24-88 


16,000 


16-61 


26,000 


11-49 


6,000' 


23'S8 


17,000 


18-00 


27,000 


11-07 


7,000 


23-11 


18,000 


IS-42 


28.000 


10-67 


8.00O 




19,000 


14-86 


29,000 


10-29 


9,000 


21-47 


20.000 


14-33 


30,000 


9-92 


10,000 


20-69 











The instrument consists of a flat, shallow, oylindrioal box B 
(see Fig. 1) with corrugated ends, partially exhausted, so that an 
increase of atmospheric pressure tends to make the circular ends 




bulge inwards towards one another. The central part of the 
lower surface of the box ia attached to the base plate, and a flat 
spring S, supported at one end on a brass bracket C attached to the 
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base pUte by three screws, is linked at its free end to the ceotral 
part of the upper surface of the box, tending to make the cirouJar 
ends bulge outwards or away from one another. 

In this manner the atmospheric pressure is balanced against 
the spring, and the movement of the upper surface of the bos or 
the free end of the spring, which is linked to the upper surface 
of the box, indicates change of atmospheric pressure. As the 
range of this movement is extremely small, it has to be mechani- 
cally magnified by a series of levers. To the free end of the 
spring a rod D is attached, which in temperature compensated 
inatiuments is a compound strip of iron and brass. The end of 
this lod is linked to the short arm of a bell crank lever L, and the 
long arm of the lever is connected to a, small drum ^ by a flexible 
chain. The pointer of the instrument is rigidly attached to the 
spindle of the drum. A hair spring is carried by the spindle, to 
which the pointer and drum aje fixed in order that the backlash 
of the mechanism may be taken up. The short arm of the lever 




L, is so arranged that its length from the axis of rotatior is adjust- 
able by a set screw, in order that the openness of the sea'e may be 
altered. The scale is calibrated in feet, but it would be more 
useful to calibrate the instrument in inches of mercury and com- 
pute the height with a computer, after the temperature of the air 
has been ascertained from a strut thermometer, the ground 
pressure and temperature being known. The altimeter could 
then be used to give a more oorreot air speed, when used in con- 
junction with the air speed indicator, than is possible with the 
present calibration. 

A top view of a practical form of the apparatus is shown in 
Fig. 2 with dial and pointer removed, the parts beiu^ lettered to 
Gorrespoud to the scheme of the working parts shown m Fig. I. 
The errors to which this instrument is subject are chiefly : 
(i.) Errors due to the assumption of the ideal atmosphere 
already described and the constancy of temperature throughout 
this atmosphere. 
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The altimeter may be adjusted to read zero at the ground 
level whatever the barometric presBure may be, but, althougli 
this be done, an error of 250 feet may occur after a Eight of 200 
miles on sccount of the hetert^eneity of the atmosphere. In the 
same way the presauie may change with the time at the same 
place, so that an instrument set for aero may be in error to as 
much aa 100 feet, i" a few hours. The temporary changes of 
pressure due to eddies or gusts are too small to cause sensible 
error. Further, when the tempteiatiire of the atmosphere falls 
uniformly with increaae of height, the true height can be obtained, 
to a better approximation, by multiplying the indicated height 
by the factor 273+(/283, where ( is the mean temperature, in 
degrees Centigrade, throughout the column^of air, at the summit 
of which the instrument is supposed to be. 

An indicated height of 20,(XX> feet may be in excess of the true 
height by 2,000 feet in winter on account of temperature error. 
This is an error of 10 per cent., and alone shows what a rough 
instrument the altimeter is. 

(ii.) Instrumental errors. Of these the most important are due 
to— 

(a) Imperfect temperature compensation. 

Although the standard service instruments are compensated for 
ranges of temperature from -20° C. to 45° C. satisfactorily for 
ground pressures, this compensation is not found to be satisfactory 
for all pressures, and the corresponding error may be as much as 
1,000 feet at high altitudes and low temperatures. 

(6) Hysteresis or elastic fatigue of the metal of the aneroid box, 
which depends upon the rate of change of pressure. 

This error shows itself during ascent or descent, and is usually 
greater during and after descending than after ascending or 
dimbing. No instrument is accepted which shows an error of 
more than 550 feet during an ascent and descent at the rate of 
1,000 feet per minute. Most accepted instruments then show 
an error of two-thirds of this n 



II. — ^Lufromenti for meastuing the Foiitioii of Aircntt with 
B«Ierence to the Latitude and Longitude, and Variationa 
ol these Co-ordinatei. 

By this heading it is not intended to convey the impression 
that the instruments classed under it actually indicate the lati- 
tude and longitude of aircraft, but indicate the position of the 
foot of the normal drawn from the aircraft to the earth's surface, 
and the speed and the direction in which it may be moving with 
reference to these co-ordinates in piano. 

Three of the standard instruments and a useful protractor will 
be briefly described. 

1. The Cbmpan. — A very short description of the mechanical 
detaUs of this well-known instrument will be given only. 
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The oompasB essentially consista of a card carrying a system 
of magnets, pivoted at its centre so that it may turn freely and 
be stable in any latitude. The card is enclosed in a liquid tight 
case, with a glass window bo that the card can be seen, and the 
case is filled with a non-freezing liquid, such as alcohol. The card 
usually Games a float so that the pivot pressure may be relieved 
and the friction reduced. The case contains an expansion chamber 
to allow the liquid to alter its volume with change of temperature. 

The card is divided into 360 degrees, with the N point marked 
zero, in clockwise direction through E, S, and W. The points of 
the compass are also marked. 

When the compass is mounted in aircraft, usually some fixed 
mark on the casing or bowl, called the Lubber Line, is so placed 



"*[ c J** 
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that a vertical plane passing through it and the centre of the card 

is parallel to the fore and aft vertical plane of the machine. 

2. The Cnagh-^abarnie Protrsofior. — This protractor is a very 
simple and useful instrument for laying oft bearings, especially 
for those unaccustomed to compass work. 

It consists of a piece of transparent celluloid sheet (see Fig. 3) 
cut into a square with a circle described about the middle point, 
and divided into degrees from to 360 similarly to the compass 
card. A silk thread is attached to the centre, and the protractor 
is laid upon the map with the centre C on the observation point. 
The thread is then stretched across the objective D, and if 6he 
north and south line of the protractor is parallel to the true or 
magnetic north and south Une on the map, it is evident that the 
intersection of the silk thread with the graduated circle gives the 
bearing of the objective. 
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The top and bottom edges of the protractor are engraved with 
scales in metres and yards, which are generally used on continental 
maps. These scales have a representative fraction usually of 

BDDOn *"" lOTTOOO- 

3. Aero Bearing Plate or Pelonu.— The aero bearing plate for 
the use of observers is simply a compass card fitted with sights ' 
and a radius bar, in order that the amount of drift and the ground 
speed can be estimated. 

It consists of three relatively rotatable rings, the inner one of 
which is graduated in the same manner as the compass card into 
degrees; the outer ring bears the fore and back sights and a 
radius bar. The middle ring serves to carry these two rings, and 
constitutes a base plate furnished with a securing bracket, which 
slips over a shoe fixed to the side of the fuselage of the machine. 
TUs ring is marked with two arrow-heads on a diameter forming 
the lubber mark, and this diameter is placed parallel to the 
fore and aft axis of the machine. The radius bar consists of two 
paraQel strips between the two sights. The sight-bearing ring 
can then be rotated until objects on the ground appear to move 
parallel to the radifts bar. After this adjustment is made the 
drift can be read oS the graduated ring, when this has been set 
so that the lubber mark is opposite the same reading which is 
opposite the lubber line on the compass card. 

In the Sperry Synchronised Drift Sight the graduated ring is 
automatic^y set to correspond with the compass card. 

4. Aeio Connie and Kstance Calculator. — This instrument 
solves all problems of the vector* triangle, the sides of which 
represent air speed, which is given by the air speed indicator in 
conjunction with the altimeter and compass, the velocity of the 
wind, and the ground speed on the velocity of the aircraft relative 
to the earth. It replaces the draughting board, and though of 
small dimensions gives results the accuracy of which is all that 
can be hoped for with the existing indicating, instruments. 

, The Service 7" Mark II. instrument consists of two celluloid 
discs pivoted at the centre and rotatable over one another. The 
lower disc of opaque white celluloid is 7' in diameter, while the 
upper disc is of transparent celluloid 6J' in diameter. This 
upper disc has engraved upon it a network of squares, five to the 
linear inch, boimded by a circle of 2|" radius, and one diameter 
of this circle is marked as an arrow. The side of each square 
represents 10 units, and the radius is therefore 120 units. Two 
arms, also pivoted at the centre and held in position stifBy by a 
spring washer, carry on their upper surfaces scales similar to that 
on the upper disc. A small steel spring pointer slides along each 

Corresponding to the periphery of the squared circle on the 

upper disc, the compass card is engraved upon the lower white 

* Se« footnote on p. 10 for the term vector. 



by Google 



AEROPLANE AND AERONAUTICAL INSTRUMENTS 7 

disc and marked every five degrees, as well as every two points 
of the oompaes. 

The circolar edge of the upper disc is engraved with a log soale 
from 10 to 270, and a corresponding scale is engraved on the lower 
disc, so that the outer edge of the oalcuJator can be used in 
exactly the same way as a dide rule for arithmetical calculations. 
The upper disc bears three studa to enable it to be easily rotated 
over the lower disc with the gloved hand. 

The following problems are worked out to illustrate one use of 
the calculator: 

Problem I. 

To Spermine the magnitude and direction oj the viind, when the 
tpeed, comjxus course, the ground speed, and drift have been 



1. Set one arm and pointer to the drift and the ground apeed 
— i.e., to the ground speed vector. 




2. Set the other arm and pointer to the compass course and aix 
speed — i.e., to the air speed vector. 

3. Set the upper disc so that the arrow is parallel to the line 
joining the two pointers. 

Then the arrow gives the bearing of the wind and the distance 
between the two pointers the magnitude of it. 

£!XAUFLB (see Tig. i). — Compass reads 170° and the air speed 
is 90 miles per hour. The drift is 135° and the ground speed 
100 milee per hour. 

Set the arms and potnters Pj and P, in the manner indicated 
in the diagram. It is evident that Uie wind must blow from 
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Pi to Pj in order that the aircraft having travelled from toP^ 
in the air has only moved from to P, relative to the ground. 
Turn the upper disc so that the arrow, or the ueareBt hne in the 
squared network, is parallel to P^ P^. The wind is then seen to 
be blowing from 252°, and is 54 miles per hour in magnitude. 

Pkoblbm II. 

, The mnd being knowm, to determine the course to steer in order 
to make good a given course. 

Example {see Pig. 5).— Asamne the wind to be from 252 
at 54 as already determined, the air speed 90, and the course to 
be made good 145°. 




. Set one arm parallel to the arrow, which was at 252° and the 
pointer Pj at 54. Then set the arrow to the course to be made 
good. Turn the other arm with its pointerPj at 90 untilP, and 
Pj line on a line parallel to the arrow. 

Then it is seen that the aircraft must now be steered due 
south, and the ground speed is 88 miles per hour. 

Instead of mUes per hour the nautical knot might be taken as 
the unit of velocity. 

Since 1 nautical miie=185,325 cms. 

1 English mile=160,934 cms. 

1 knot=l nautical mile per hour. 

= 1-152 miles per hour. 

'^Sl-iT cms. per second. 

1 mile per hour=0'868 knots. 

=44-7 cms. per second. 
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The UBe of the instrument for all problems involving the solu- 
tion of a vectoiial triangle must now be obvious. 

ni. — butrnmants for faidtcatJog the Orientation ol Aitomft. 

No gravity controlled insttument of the nature of a simple 
pendulum can possibly indicate the true vertical in aiiciaft at 
all times. If the machine is flying level and accelerating or 
retarding its motion, the accelerating or retarding force com- 
pounded with the vertical acceleration due to gravity ^ves a 
resultant inclined to the latter fore and aft. 

If the machine is performing a turn coireotly banked, the 
resultant of the centrifugal force or the acceleration due to the 
rate of change of direction of the aircraft's path, directed along 
the radius of the turn and outwards, and the acceleration due to 
gravity, directed verticaUy downwards, is an acceleration plumb 
to the machine and the machine flies tilted. In cMisequenoe of 
this a pendulum would remain vertical with regard to the machine 
and would give no indication of the aircraft's orientation. 

Gyroscopic motion, however, offers a complete solution to the 
problem of determining the true vertical in aircraft at all times, 
and the practical design of a suitable gyro-top is gradually being 
evolved. 

1. Th« CUaometec. — This instrument is an " inverted " pendu- 
lum, and consists of a curved glass tube sealed at both ends. The 
tube contains a non-freezing liquid such as alcohol and a small 
bubble. The tube is mounted so that its highest point is in the 
middle, and a scale of degrees is marked on the metal mounting, 
30° on either side of the zero or middle position. 

The liquid in the tube represents the mass of a pendulum, 
and the bubble moves in the opposite direction to that in which 
a pendulum would move under the same circumstances. When 
the level is at rest, the bubble is at the highest point of the tube. 
If the clinometer be mounted across the axis of the machine, the 
bubble, during a turn, takes up such a position that the tai^ent 
to the tube at the bubble lies in a plane parallel to the correct 
banking plane, and when the macbine turns without side slip the 
bubble will be at the highest point. During an " underbank " 
the bubble will be on that side of the zero position which is nearest 
the centre of the turn, and in an " overbank " the bubble will 
move to the opposite side. 

Of the Service instruments, the IHark V, and Mark V.a have 
an electric lamp fixed to one end of the tube, so that the bubble 
can be seen at night. 

This instrument is not of very great utihty and, generally 
speaking, the pilot, feeling a draught of cold air on one side of 
the face during an improperly banked turn, wiU learn to fly by 
the feel of the machine, rather than entirely depend upon the 
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bubble, by moving hia stick in the same direction in which the 
bubble has gone. 

IV. — Imtnunents which Function by Heans of the Air and 
measure with Belerenoe to tlie Air. 

The correct measurement of the speed with which aircraft 
move through the air is important for navigational purposes. It 
is evident that if the machine is being carried in some direction 
by a wind, as weU as moving forward by its own power in that 
wind, its motion relative to the earth is the resultant of these two 
velocities. Then in order that the aircraft may b« correctly 
steered to make good a given course the magnitude and direotion 
of the wind must be known ; that is to say, the wind vector* must 
be specified. 

This can be done by the course and distance calculator as soon 
as the ground and air speed vectors are known. The direotion of 
the air speed vector or the course to steer can then be at once 
computed (see Problem II., p. 8), 

Since the aircraft is constantly moving into unknown winds, 
the navigator frequently has to make these computations in order 
that the pilot may reach a given objective with moderate pre- 
cision, and it is at once evident how necessary it is to determine 
qnickly the ground speed and the air speed vectors. 

The former is determined with the bearing plate already 
described, and the latter with the air speed indicator corrected 
for air density. 

1. The Air Speed Indicator uid PresBiire HesdSi — The air speed 
indicator is a delicate pressure gauge, consisting of an air-tight 
box divided into two compartments by means of an elastic 
diaphragm which separates the two compartments in an air- 
tight manner. The compartments are connected to the pressure 
heads, and when these »re in the air stream, one compartment is 
maintained at a higher pressure than the other, and the diaphragm 
moves or bulges out from the side of higher pressure. This move- 
ment is transmitted by suitable mechanism to the indicating 
pointer. 

There are three indicators in use— the Hollocombe Clift indi- 
cator, the Ogilvie indicator, and the R.A.F. speed indicator. 

In the first two the air-tight box is separated into two compart- 
ments, by a thin leather or oiled silk diaphragm in the Clift in- 
dicator, and by a tbin rubber diaphragm in the Ogilvie indicator, 
which is an old Admiralty type. This latter is not considered a 
good design, as the rubber tends to change its elastic properties 
in cold atmospheres and deteriorates with time. The E.A.F. speed 
indicator (see Fig. 6) is diSerently constructed, and th^dia- 

* A vector quantity has direotion aa well as m^nitude, and until these 
two scalar quantities are known the vector ia not apeciRed. 
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phragm is leplaced by two thin metal aneroid boxes, B, conneoted 
to aoe another and the Pitot head by branched piping, whilst 
the air-tight case containing the aneroid boxes is connected to 
the static head of the pressure heads. 

In all three inBtriiments tbe movement of the central point of 
the diaphragm^ and the aneroid boxes is transmitted by suitable 
mechanism to the pointer, which moves over a circular scale 
representing air speed in miles per hour. In the Olift indicator 
the transmitting mechanism consists of a spindle attached to the 
centre of the diaphragm working in a guide. The end of the 
spindle presses against the free end of a thin, flat spring, and 
with increased pressure the diaphragm bulges and deflects the 
spring proportionately to the pressure. Keating against the other 
nde of the spring is the arm of a bell crank lever, the other arm 
of which engages with a slot in the ladial arm of a toothed and 
pivoted quadrant. The quadrant engages with a pinion on the 




apindle of the pointer, and as the lever oscillates the quadrant 
turns about its pivot and rotates the spindle of the pointer. A 
hair spring on the spindle takes up baoldash. 

In the Ogilvie indicator the transmitting mechanism is more 
simple. A silk cord is attached to a small metal disc fixed to the 
centre of the rubber diaphragm, and passes over a small pulley 
to a drum on the epindle of the pointer. The spindle carries a 
hair spring which keeps the cord taut, and as the pressure increases 
the diaphragm biilges, pnlls upon the cord, and turns the spindle. 

The two aneroid boxes, B, of the R.A.F. speed indicator are 
held opposite one another by a rigid aluminium bracket (not shown 
in the diagram. Fig. A) attached to the two outside faces of the 
boxes and the inside of the case of the instrument. The two 
inner faces of the boxes are thus free to bulge towards one another 
when an increase of pressure takes place within them. The central 
points of these two free faces are conneoted by pin joints to either 
side of a crank i, pivoted at its centre. The crank carries a lever 
arm which engages with a slot cut in the radial am^of a toothed 
quadrant C, but, unlike the Clift indicator, the slot is on the side 
of the pivot opposite to the quadrant. The toothed quadrant 
engages with a pinion on the spindle of the pointer, and a hair 
spring attached to the spindle takes up backlash. 
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The indicator is connected by two aluminium tubes, with 

rubber tubing jointing pieces, to the preflsure heads, which are 
fixed to a strut as far out on the wing span as possible. These 
pressure heads project forwards into the aii stream beyond the 
plane containing the front edges of the wings. The heads consist 
of two open tubes — one, the Pitot or pressure head, has its open 
end facing the air current; whilst the other, the staiic head, is closed 
at the end facing the air current, but is open to the atmosphere by 
a mmiber of small hoIeB piercing the curved surface of the tube 
some little distance behind the closed end. This closed end is 
stream-line shaped so that the air may slip past the small holes 
without eddy motion and produce no change of pressure inside the 
tube. The openings of both heads must be carefully finished so 
that eddy motion and consequently no erratic pressure be pro- 
duced in the neighbouring air by burrs or irregularities. This i» 
extremely important, and should be subject to special inspection. 

When such pressure heads are placed in a current of air moving 
with velocity V, a pressure is set up in the Pitot tube, and no 
pressure change or approximately no pressure chaise is evoked 
in the static tube, provided these are connected to the indicator 
and no actual flow of air takes place during equilibrium with the 
elastic linkage of the mechanism. 

If p is the density of the air and p is the difierence of pressure 
in the two tubes, then it is found that 

p = cp-V» (1) 

where c is a constant, depending chiefly upon the inclination (n* 
the angle oj incidence of the axis of the pressure heads to the air 
current. 

The variation of c is negligible for an angle of incidence less 
than 10°, but becomes great for values greater than 10°. 

It is evident from the above formula that to calibrate the 
instrument for a, given density of the air is a straightforward 
matter, but the density of the air varies with temperature and 
altitude, and the correction for this variation of the density in 
order to determine the air speed V, when a machine is flying, is a 
matter which has caused a great deal of unnecessary dispute and 
some confusion. 

If V is the volume and P the pressure of unit mass of gas at 
absolute temperature r, then it is well known, for a gas far 
removed from its liquefying point like atmospheric air, that 

Pu is proportional to t ; 

but the density pa -, 
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For some other pressure P* and temperature t* the corre- 
sponding density />' oc P'/t,' 

p P t' 
hence tj = p " 7 ■ ■ • (2) 

Now air speed indicators are calibrated in air at a pressure of 
29-92 inches of mercury and temperature 16° C, wiiich means 
that the density p' of the air is 1221 grammes per cubic metre. 

Equation (2) then becomes 



p ^ P 273+16 
1221 273 + [ ' 29-92 



(3) 



where p is the density of the aii at pressure P inches of mercury 
and t is its temperature in degrees Centigrade. 

If, now, V is the value of V in equation (1) for the standard 
conditions of calibration, then 

V . /T22T 

and substituting the value of the right-hand member of this 
«quation by that given in (3) 

V-V / ^^-^^ /273+J 
V273+I6V' 



= V'> 

It is now a simple matter to correct the air speed reading given 
by the instrument in the air, provided that the barometric pres- 
sure, P, of the air near the aircraft and its temperature i can be 
determined. The pressure P can be read direct from the altimeter 
if this is calibrated in inches of mercury, instead of feet, and the 
temperature t can be read from a strut thermometer and the 
correction -322 ^(273 -t-ij/P applied in a few seconds to the reading 
V to give the true air speed V by means of a suitably designed 
ctomputer. 

This matter has been dealt with at some length because it is 
important for rapid and accurate present-day navigation that the 
tliree vector quantities in the vector triangle — the air speed, the 
wind, and the groimd speed — be as accuratdy specified as possible. 

It will now be evident to the reader how the five instruments, 
the compass, the altimeter, the strut thermometer, the bearing 
plate, and the air speed indicator, are intimately connected in the 
one object — i.e., to reach a definite place on the map by the best 
route and in the least time. 
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ENGINE INSTRUMENTS 

I- The BevoIntiiHi Indicator. — This instrument indicates the 
rate at wUch the crank-shaft of the engine revolves, and is con- 
nected to it by means of a flexible drive. The flexible drive and 
the indicator rotate at one quartet of the engine speed, to prevent 
undue wear, and the reduction in speed is achieved by a special 
gear box connected to the engine shaft. 

The most usual method for indicatii^ the rate of revolution is 
based on the phenomenon of " centrifugal force." 

If a spindleA (Fig. 7), to which are liiied weights A, is rotated, 
a couple is set up by the centrifugal force F, tending to turn the 
arm carrying the weights into a position at right angles to the 
shaft R. This rotation of the arm AA is balanced by a spring 




Fig. 7. 

S, and the position of the arm with regard to the shaft £ is a 
measure of the rate of revolution, and is independent of the sense 
of rotation. 

This device is used in the Blliott and Nicole Nielaon revolution 
indicators. In the former instrument, one of the weights A is 
linked to a collar which slides upon the shaft R. The pin of a 
crank connected with a spindle engages with a groove in the 
collar. The other end of the spindle carries a toothed quadrant, 
which in turn engages with a pinion on the pointer spindle. When 
the shaft R rotates, the weights A, flying outwards, take up a 
definite position of equilibrium with the spring S for a given speed 
of revolution, and the movement is transmitted by the sliding 
collar to the pointer over the dial. 

The Nicole Nielson instrument differs only in mechanical detail 
from the Elliott indicator. 

Other types of indicator are made, such as the Elliott " electrio 
generator type," in which the rate of revolution is measured by 
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the ourrent produced by the rotation of a small armature in a 
magnetic field. 

2. Fmnin ffaogM. — These consist of oil and air preBsuie 
gauges, the former being used to indicate the pressure in the oil 
circulating system of aeroplane engines, and the latter to indicate 
the air pressure in pressure feed petrol tanks. 

The majority of these gauges are constructed, after the Bourdon 
design, by Shaf[ei and Budenbeig. 

The moving element in this design is a hollow tube of elliptical 
cross section bent into the are of a circle. The tube is closed at its 
free end and sweated to a brass box at the fixed end, the inside of 
the tube being connected with the pressure supply through the 
box. If the pressure inside the tube increases, it tends to 
atf-aighten itself, and the amount of the movement of the free end 
depends upon the diflerenoe of pressure between the inside and 
outside of the tube. 

If the variations of the atmospheric pressure outside the tube 
and inside the case of the instrument be of a sensible percentage 
of the pressure inside the tube, they will cause sensible error in the 
indications. In some of the standard gauges these variations are 
too small a percentage of the indications to cause sensible error. 

The free end of the tube is in some instruments simply pinned 
eccentrically to the spindle of the pointer, and in others it ia 
attached to the radial arm of a toothed quadrant which engages 
with a pinion on the pointer spindle. 

Ail pressure gauges are usually constructed with an eccentric 
scale to distinguish them from the oil pressure gauges, which have 
a concentric scale. 

3. BadUtor Thermomaten. — Badiator thermometers are used 
to warn the pilot when theoooling water, in a water-cooled engine, 
is overheating, and the bulb of these iostrnments is inserted in 
the uptake pipe from the water jacket or the upper part of the 
radiator, near the water inflow. 

The bulb is connected to the indicator on the instrument board 
by a copper pipe of 1 nun. bore. The bulb, which is cylindrical 
and about i long and •^' outside diameter, is filled with ethyl 
ether and its vapour. The pressure of the vapour is measured by 
the indicator, which is similar to the Bourdon oil and air pressure 
gai^es already described. 

The principle on which the instrument depends is that the 
pressure of a vapour in contact with its own liquid depends only 
upon the temperature and not upon the volume it occupies. 

It is extremely important, when fitting these instruments, to 
avoid contact of the transmitting tube with any hot parts of 
the engine, for if ether collects in the part so heated, the pressure 
of the vapour ia produced hydrostatically throughout the whole 
system, and error is at once introduced into the readings of the 
indicator. 
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STRENGTH CALCULATIONS 

By JOHN CASE M.A., A.F.K.AB.S. 

I.— Wings 

1. Normal Load meana the load taken by the wii^s when the 
machine is flying at a steady speed in a horizontal straight line. 

'2. Load FaictoT.— The method of stiesaing at present in use is to 
decide that a machine shall be able to beat n times nonnal load 
without the stresses exceeding a predescribed limit; the factor n 
is called the Load Factor. 

3. Oreatast Loads on the Wings. — These occur when the machine 
is made to have an ai^le of incidence approaching the stalling 
angle when the speed is much higher than that appropriate to such 
an angle. As a rule the greatest loads occur when the machine 
is flattened out from a vertical dive, or suddenly stalFed when flying 
level at a high speed. The same eflect is also produced by an 
upward gust meeting the machine flying horizontally. It would 
probably be possible to break any machine yet built by flattening 
out too suddenly when diving at the limiting velocity, when the 
wings might be called upon to carry as much as fifteen times 
normal load. The best course ia to decide that a machine shall 
be unbreakable at some speed F, then the corresponding load 
factor is given by »i= V/V\, where V, is the stalling speed. 

If the machine be designed for these conditions it will probably 
be strong enough, in proportion, to meet all others. In all the 
cases mentioned the centre of pressure is in its moat forward 
position when the greatest loads occur. We say, then, that the 
wings of an aeroplane should be designed with the machine in the 
stalting position, and with the centre oj pressure in its mostjorward 
position. It can afterwards be cheeked for other conditions, parti- 
cularly a vertical nosedive, and, in some cases, high speed flight at 
a small angle of incidence. In a vertical dive [g.v.), there is a down 
load on the front truss and an up load on the rear truss. 

4. Stalling: Strength Calcnlations with Centre of PieHure For- 
ward. — ^The stalling angle and centre of pressure coefficient may be 
taken from tests of the aerofoil used, though full-scale experi- 
ments show that the latter usually moves further forward than 
tests on a model monoplane would indicate ; about 0-2 of the chord 
from the leading edge represents the likely limit. 
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In steady horizontal flight the total lift on the wings may be 
taken as equal tothetotalweightoftheaeiopltuie(eeeS 4, General. 
Theory). 

As a rule correction for tail load is not necessary nnless the 
engine is set at some oonstderable distance from the e.g., in which 
case the tail is usually placed in the slip-stream of the propeller 
and takes considerable load. 

The normal load on the winga is thus W — weight of wings. AJl 
calculations are supposed made at n times this load. 

5. Diitribntion ol Load. — In the absence of model testa of the 
proposed wing combination, we take — 

„ ... load per ft,' on top plane , „ 
For. biplane jittVoa Utt.m pL. -'•^- 

F<» a triplane the loads per ft.* are in the ftdlowing ratio: 



Top plane Middle plane 



Bottom plane 
0-86 



0. Load Onrrei. — Suitable curves for the distribution of load 
along the wings of a biplane are shown in Fig. 1, A and B, for 
angles of incidence approaching the stalling angle.* 




The load curves for the front and tear spars can be deduced from 
these : 

Draw the load curve for the semi-span, and the plan form of the 
^fing, to any convement scales, as in Figs. 2 and 3, and on the latter 
draw the centre lines of the two spars. In the figure the curves 
are only shown as far as the outer struts. 

The c.p. coefficient is assumed constant right up to the wing- 
tip ; draw on the wing the locus of the c.p. for the chosen value of 

* The preseait costom is to om onrve B lot both upper and lower wings, 
bat tbo cnTvea in the section on lieneral Theory, } 20, soggeit that carve 
A is more suitable for the upper wing. 
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the c.p. coefficient. Thus, if the c.p. coefficient be 0-28, the o.p. is 
- everywhere 0-28 of the chord from the leading edge. 

At each point alon^ the span find the value of b/a (Fig. 2) and 
multiply it by the height of the load curve at the corresponding 



--_lsj4-''-2»i^i 






Fie I 

point. In the case shown, at 0-1 of the chord, &/o-=0-68, the 
height of the load curve is 0-B7; 0-57 xO'68-0-S3, wliich gives the 
load pel unit length on the front spar at this point. Bj plotting 
the values found we obtain the load curve for the front spar; that 





^ 








(-^ 










/ 









FIC.3. ' 

for the rear apar can be found in the aame way or by subtracting 
the frant spai from the whole. 

The sc^e of the load curves is found thus: If w total load on 
half-span -^haK-span, and A — area of load curve -i- length of base, 
then the scale of the load curves ia 1 unit » a/k lb. per unit length. 
Thus in Fig. 3, w-305/159 = l-92 Ib./inch, A=37-3/14-7 = l-85; 

the scale of the load curves 1 unit — j^ = 1-04 lb./inch. 
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?■ B « l tiio»a Aflooni.— The whole of the load outside the line xy 
(Fig. 4) must be taken on the rest spa>t. 




The above process mujst be oarried out on the top and bottom 
winga. 

6. ghoring ForoM on the overhang ate given by integrating the 
load ourve — i.e., by plotting, at each point along the span up to 
the outer strut, the area of the load-onrve from the end of the 
wing to that point. If 4Jie scales of the load curves are 1 inch — 
I inches ; 1 inoh equal w Ib./inch, and the shear carve is draws so 
that 1 inch— « sq. inches (A the load curve, the scale of the shear 
ourve will be I inch = wis lb. 

9. Bfflifling Somenti on the Ov«rhaiig. — Int^rate the shearing 
force curve in the same way as the load cnrve was integrated. 
If we draw it so that 1 inch =< m sq. ins. of the shear curve the 
scale of bending momenta is 1 inch — mwZ*» Ibi/inohes. 

In this way find the B.M. at each of the outer strut 
points. 

10. Fint Approzfniatioa to the Bending Moments at all the 
Strni Points. — These are found by the Theorem of Three Moments. 
Referring to Pig. 5: 






(1) 



where w^ is the mean load per inch on the span AB, and so on, 
jfj, ifj, etc., are the bending moments at A, B, etc., and are 
positive when they cause curvature in the same direction as to. 
We know M^, and that if^-if, ; these equations give M,, 
M^, etc. At a pin-joint 3f is zero. 
11. Reactions at A« B, 0, . . . — Referring to Fig. 5, 8^,, is 
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the shearing-force to the left of A, 8^ that- to the right of A, 
and so on. 
Sji is found from t£e load ouives. 



, , M, Ma 



Sj -reaction at A=Sjt,+S^, and soon . (3) 

Note that the equations (I) will nemally make the M'b negative; 
this Edgn must be kept when substituting in (2). Do this for 




all four spars, and so obtain the values of R^, Rg . . ., 

12. Tone Kagram lor Strata and Witts. — A force diagram for 
each truss is now drawn by the usual methods of graphical atatlcB,* 
to obtain the thrusts in AB, BC, etc., and the tensions in B'C, 
etc. Or, if P.P, . . . denote the thrusts in the top spars, and 
7*,, Tg . , . the tensions in the bottom spars, 

P =— J-p ^T 
^1 BB'"* ^«' 

P, = Pi + ^(B* + Rb + R'.)-T, ... etc. 

13. SeoondAmnoztmationtoBeiidingMomenti. — Wenow repeat 
the process of finding Mg, Mc, etc. It frequently happens that 
the line of the lift wire does not cut the centre line of the spar in 
the same point as the centre line of the strut. This introduces 
extra ben<£ng moments. 

■ See Hsthenutica, Secti<» II., f & 
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where Mst uid M^-ihe B.M.'s to the left and right of 1 
The moment equations now become — 



Hence find all the bending momentB, and Bheariiig forces, and 
reaotione. We now have — 






14. Switlon ot f^ftr. — The requidte section f<a the spat depends 
upon the maximum oompreaaion Btreas (aaauming the spar is made 
of wood) allowed, and can now be roughed out. The maximum 
stress can be found approximatel3r thus: 

Taking the bay BC (Fig. fi), let A, be the length of spar between 
the points of inflection (2ero bending mcmient) then — 



*'■ -5W['"" ' ""''■ * "J'^ * <*"*""))] 



(7) 



A suitable section for the apar must now be guessed, and its 
moment of inertia, /, and area, A, found. Then the n 
stress is approximately — 
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where Qi='Tr'EI/X.\; u-half the depth oi the section. When a. 
section has been found whic^ does not make the Btress too great 
according to thia foimola we can proceed: 

See that the stress is not too great at l^e points of support, 
where the section will probably be solid except for bdt holes. 
The compression sfxess htete is given by — , 



/.-^H 



(9) 



where M andP Are the B.M. and .thrust on the same aide of the 
point of support. 

In this manlier the top front and rear spars may be designed. 

The bottom spars can be designed in the some way except that 
the maximum compression stress in a bay should be estimated 



and the tensile stress ai 



^-s-4- 



/■-8"*'/+a 



• (10) 



(11) 



The former of these makes no allowance for the reduction of 
compression stress by the end tensions; this leaves a maqpn for 
the end-load effect which occurs in nose-diving. 

The f oui spars have now been roughed out, but their strength 
should be tested by more accurate methods. 

15. Cheokiiig the Spar Streagtba. — The first step is to find the 
end loads more ooouiately, and we must take into account drag 
forces and stagger forces. 

Drag Forces. — -If a curve of L/D for the aerofoil be available, use 
the v^ue of L/D at the stalling angle to find the drag forces. If 
no curve is available take £/!>-' 7. 

It is sufficiently accurate, in dealing with drag forces, to take 
the spars as supported at all the drag struts, and to find the re- 




actions at these points on the assumption that there is a uniformly 
distributed load =- D/L times the lift load, and that the spars are 
pin-jointed at their fixing to the drag struts. 
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Fig. 7 Tepreeents part of the top or bottom wing. The drag 
forces are — 



Dm^^-AK, D^^^LK, Dt=^BA, etc., 



lift 



where Z)^ — diag force at K, etc., w in D/L times the 
load per unit length of wing. 

Thi Stagger Forces ariee from the fore-and-aft slope of the etrnte 
and lift wires. It ia best to take them into account at the same 
time as the drag f oroes. 

Fig. 8 Bhowe the front and rear trusses, top and bottom tmssee, 
and moidence panels of a two-ba^ machine. 

The method is the same for any t^pe. 




FIC i. 

Begin at bottom front outer strut joint, A'. The forces acting 
there are the lift R"^, the drag D\, together with the drag 7)'„ 
carried on by the wire k'A'; draw these as shown in Fig, 9 by 01' 
and 1'2', giving a resultant 02', which can be resolved into 32' 
parallel to A' A and OS parallel to A'a'; the former is carried to 
A by the strut and the latter to a' by the drag strut. Next take 
the point a' : there is the lift force iTo represented by 10 which 
combines with 03 to give a total force 13 at a', and (his is resolved 
into 23, which goes up the strut a'a, and 12, which is carried on 
by the wire a'L' to L' and thenoe to B'. Now go to A. The 
forces there are 32' coming up the strut, R^, D^, together with 
J9x, as shown by 2'4' and 4'5' ; the resultant force at A is 35', and 
this we resolve into 38 along the drag stmt Aa, and 65' parallel 
to A'A ; this is carried on by the lift wire AB' to B'. Similarly, 
by addiiig ^ to 23 and 96 we obtain the resultant 46 at a, and 
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this in turn girts 56 to be oarried on by the lift wire ah', and 46 
whichgoesdoirn the drag wires to Zand thenoe to £. 

Wenextdofl'. The forces acting at£' are 66' carried on from 
A and R'^; the force 12 carried from a' by the drag wires; I/g, 
together with D',,. Transfer 12 by parallels to 7'8' and add on 




8'9' " ^* + -D'l- Tte resultant is 69', which gives 9', 10 for the 
strut S'B, and 6, 10 for the drag strut 5'6'. The remainder of the 
forces are found in the same way, as shown in the diagram. 
The loads in the interplane struts are indicated on the diagram. 

The load in drag strut Ek= D^. 
Aa=3, 6. 
Ll=36 + 7)£. 
„ „ Bb = 10, 1 1 and so on. 
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The loads in the dtHig wires, and the tendon and compresmons 
produced by them in the spars, are then easily found. 
Now make a table thus : 







Top Plabk. 














Loaddutuy— 


TroMapar. 


Bear Spar. 




KA^AL 


LB 


- 


UC 


ka 


al 


a 


bm 


« 


Lift Win>B . . 






















ToUl 






















Hmq 















The fiiet row is filled in from the values found in $ 7 ; the second 
from those just found above; and the third by adding the first 
two. In the last row fill in the mean end load for the bays 
AL, LB and so on. In making this table take compressions 
plus and teuffiona minus. Make a similar table for the bottom 
plane. 

16. Now find all the bending moments, taking into account end 
loads. A new form of the moment equation is required; many 
forma have been given but probably the most useful is that given 
by Webb and Thome (AeronatUics, January 1, 1919): 

*-r\}-ro^,V 

where M^g, etc., have the same meaning as above. 

Pi=mean end load in bay AB, found in table above. 
Oi-Euler crippling load of AB=ii*'E,l^l^. 

P, and Qi have the same meanings for bay BC. 
Write down these equations for the consecutive points, and 
obtain the values of M^, etc. 
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The maximum bending moment in AB is 



i(i[M^ + Mbl][i + 0-26|] + l-02!^'l 



(13) 



at a distance from A given by 

The points of inflection are at distances from A given by 
il+0-9 ''»'"" tl-2v/S . . 

The maximom compression stress within the bay is 

Note that (12)usuallTmakes jfj^, etc, n^ative; this negative 
sign must be kept in eubatituting in (13), (11), etc 

As a rule it is not necessary to test the bottom spars in this way 
onleSB for some reason there are considerable end thmBts, except 
for nose-dlvii^. 

17. Tbe Spm mart next be tested for Shear, — The shearing 
forces on each Bide of the struts are found from (6) above, using 
the M'a given by {12}. The shearing force diagram is as shown in 
Fig. 10. 



(14) 



(16) 
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The part outside the outer strut is found from the load curve. 
At each pdnt such as A, the total height S,tM ^<> S^^ is R^, and 
in going from J to £ we drop a height equal to the total load on 
AB, and so on. The shearing force at any point is given by the 
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he^t ot the diagram above ABC. ... At aay point along the 
spar the maxiinum shear stieaa is given by 

FZ 

■'• = 7^' 

where 7 — shearing force; Z= moment of half the area of cross 
eection about middle line; J— moment of inertia; t — smaUest 
tbicknesB of web. 

This completes the stress calculations for the spars for this 
condition of flight. 

The loads in all the wires have been found, and it is a simple 
matter to choose the right si^e. 

For a high-speed machine, it will be desirable to repeat the 
process of checking the spar strengths when the o.p. is farther 
back, in the position oonesponding with top speed. The factor 
then should be <^10 per cent, of that taken with c.p. forward. 

Note- Diving. 
18. For load curve use Fig. 1 B, for bottom and top wings. The 
following estimation of the loads in a limiting noise-dive mxy be 
taken to t>e on the safe side. 

Total down load on front truss ~ —^ 

Total up load on rear truss "~a 

where ^ — distance ot rear truss from c.p. of tail plane. 
4" " front „ „ „ 

I — „ e.g. from c.p. of tail plane. 
h » distance between spar centres, 
c =the ohord of the equivalent plane (q.v.). 

It is sufficiently accurate to assume that the o.p. of the tail- 
^ane is one-third of the tail plane ohord from its leading edge. 
The total down-load and totu up-load may each be divided in 
the ratio of the areas. The spar loadings, bending moments, and 
reactions must be worked out as above. 

Iif addition to these loads there is a large drag on the wings, which 
may be taken as half the total weight of the machine, or, if the 
drag coefficients be known, it may be worked out. 

In this condition of flight the incidence wires play an important 
part in determining the direct loads on the spars, struts, and 
wires. In dealing with this matter it is good enough to take the 
angle of inddenoe as zero. If the incidence wires are omitted 
fr<mi the calculations the errors may be enormous. The following 
is a summary of a method given by the author {Aeronaatic*, 
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Deoember, 1918). The fonuvilfe look terrible, but there is nothing 
difficult in the work. EacK ha,y ia treated separately, beginning 
with the outer. The procedure is: 

(i.) AsBumo that the anti-drag wires of the top plane, and the 
drag wires of the bottom plane, are acting, and can if neceeBary 
take a thrust. On thia basis find all the loads omitting the inci- 
dence wire. 

(ii.) Find the tension in the outer incidence wire by the formula 
below. The notation Is for the moat part explained by F^;. 11. 

(a) One drag bay, top and bottom. 

K^, + 'K/f- (iK„(n - I'K'nio - >/kQ - -*? 

T.- ->-Q'->tY) 

+ \(ii'Ka + ^jt + ^' + v'Av) 
(&) Two diag bays, top and bottom. 

Ti L + MB'iK'iQ'i t B',K',Q', - vh\q\ - vb\k'^\)J 



(18) 



+ ''(KmLm + K't,L'„l + i(^-K,o, +,»<B,'K,a, 

In these formnlie — 

tt""l --jcotA- -cotS„v=-,-^(cot li' -cot fl,), 

6,-Lv«,. s.-^^^jr*. V-i.V«V 

T ' 

B,.iv«„ b;-V',. B-,-t!i^. 

iT, £', t, k', etc. = (length)*-*- croBB section. 

Z.=length of wires; the other dimensions are shown in Fig. 11. 

F, suffix, denotes front anti-lift wire. 

/, „ „ rear lift wire. 

i, II ,, incidence wire. 

D, „ „ drag oi anti-drag wire. 

t denotes the values of the 2"s in Fig. II, when the incidence 
wire is omitted; similarly, Q and q denote the values of 
P and p when the incidence wire is omitted. 
k=Miot 8teel-«-£ for the spare. 
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Each term is of tlie same type, and if the arithmetic be done 
in tabular form, these formulie do not give any trouble. 

(iii.) Resolve the tension of the incidence wire into two com- 
ponents, at each end, one along the lift axis, and one along the 
drag axis. Treat these as extra external forces, find the Toads 
they cause on all the members, and add the results to those 
already found without the incidence wire. 

(iv.) Proceed to the next bay, carrying on from the first the 
corrected loads in the wires, etc. 

Having found all the end loads check the strength of the spars. 
It is these calculations whioh will probably decide the sixe of drag 
bracing required. la a machine intended for " stunting " the 




drag bracing should be strong enough to support the whole weight 
of the aeroplane divided between the top and bottom wings in the 
ratio of their areas. 

The spars and wires are now all settled, and the interplane stmts 
«an be designed. 

19. Inte^lane Strati. — (i.) ParalM Strutg, if of wood, solid or 
hollow, can be designed from the formula — 



P-aend-load, i=lei^h between pizis, ^"Young's modulus, 
/= smallest moment of inertia. 

Steel tubular struts can be designed from the curve given in 
fig. 12, provided care be taken that the crinkling stress is not 
exceeded. The crinkling stress may be taken as follows: 
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Annealed M.8. tubes, ^ > 500,000^ if j:< 0-06, . 

> 30,000 if -> 0-06. 
Annealed H.T.S. tubes, ^ > 650,000^ if ^< 0-10, 

> 66,000 if^>0-10. 
Hard H.T.8. tubes, ^ " HO.OW if j>0K», 

The unite being pounds and inabes. 
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In oonnectioD with this reference should be made to a paper 
by Popplewell and Carrington {Proc. l.CJ., October, 1918). 

(ii.) Solid Tapered Wooden jSfittto.— The following method of 
design, due to Webb and Barling, gives the lightest strnt to sup- 
port a given thrust, neglecting any side load. Correct tapering 
saves 13 pet oent. weight, and 8 per cent, resistance. For a given 
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length, the proper taper depends on the end load. All cross- 
sections of the strut are supposed geometrically similar with their 
c.g.'s in a straight line. 

Proceed thus : 

First Approximation. — Find /„, the moment of inertia of 
largest {oentrel section from 

P = 0-87r'S/„/i»- 
Hence find t^, the thickness at the centre, and A^, the area at the 
centre. 

Second Approximation. — Find the value (AP/JAo, wherey is the 
maximum stress allowed. 

From Fig. 13 find the " load coefficient." Then find /« from 

Hence find to. The thickness (^ at the ends is given by 
t^to~VP7fA^. 
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Then take that curve in Fig. 14,* which givea tjio nearest to 
this. The curve so chosen is the shape of the strut. The curves 
give (/io plotted gainst xjl, l being the thickness at a distance x 
icom the centre, and I being the semi-length. The value of Ut^ 
is given by the height at which the curves cut the right-hand border 
of the diagram. 
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(iii.) BoUow Taper Struts, the material of the strut being of 
iinif oim thickness d, such that for any section 

A=atd, l=h^d, 
where a and h are constants,and t is outside thickness of the section. 

Proceed as above. For the first approximation take 

'^~ 9i» ' 

ThecuTvesforA,andtheshapeofthestrutaregiveninFig8.I3andl5. 
20. Seoondary Failure ol Spare. — The strength of the top and 
bottom planes to resist lateral buckling of the spars must be 
examined. Each dri^ bay should be taken for the case which 
makes the sum of the thrusts in the two spars greatest. The 
failing load is given by 

P. + P.-^dl + I.) • • • (20) 

where P, -hP^ -= sum of thrusts in the two spars 

7j + /j = sum of moments of inertia of the two spars about 
their vertical centre line. 
* By kind permission of the Adviaoi; Committee for Aeconantica. 
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SI. Ootrigger Aeroplaaw. — The tail load is tianonitted through 
the outrigger booms to the wiDga. Allowance must be made for 
this. The tail load being known, the f oioes in the top and bottom 
booms are calculated, and these act as extra external forces on th« 
wings. In a nose-dive the tail load can be taken ae Wc/f (c/. 
Equations 17). In horizontal flight it = M/I (cj. Equation I.), 

22. Multiple Engine Aeh)pUiiea. — When there are engines, oi 
other heavy weights, set out on the wings, the dead- weight must 
be allowed for, and it must be multiplied by the factor of safety 
which is being used. The presence of these weights makes an 
enormous diSerence to the loads in the bays between the engines. 
The downward forces to be introduced on the front and rear spars 
are easily found if the e.g. of the engines is known. There is no 

— Tflfpjtp T^QUUB STRUTS pT UHlfCTWI GWMi— 

- U3EI SE-iMam".a — gajtfc- 
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new principle introduced into the calculations, but the loads in 
all the members between the engines should be very carefully 
obtained, with both wing engines running, and with only one. 
The -balancing out of the drag forces requires some care, but it is 
not difficult if it be remembered that the " points of support " of 
the drag structure are the propeller thrusts. 

Reactions on the engine bearers, due to torque reaction, must be 
introduced. Their magnitude is 33,000 H.P./SnW, where n= 
the r.p.m., and (i= the distance between the engine bearers in such 
directions as to produce a couple in opposite direction to that of 
the rotation of the engine. 

23. LandJiiK. — If the wings of an aeroplane be strong enough to 
stand the flight loads they will usually be strong enough to bear 
the landing stresses. If it be desired to check this the wings should 
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be stressed under a uniformly distributed down load equal to six 
times their own weight. The landing chaasiB should stand 4 or 
6 times the weight of the machine. In a multiple engine machine 
the portion of the struoture between the engines may have large 
loads thrown upon it. 

II.— The Fcbelaqe. 

24. The strength of the rear part of this must be worked out for 
two cases: stresses due to down load on the taU, and the stresses 
due to the load on the tail-skid in landing. The requisite sizes 
of the longerons, struts, and wires are found from these calcula- 
tions. Afterwards the strength should be tested for side loads due 
to fin and rudder, and for torsion. 

The greatest tail load which the machine has to stand occurs 
in suddenly stalling or in flattening out from a vertical dive, and 
is rather uncertain. One of two methods shonld be used: either 
(i.) guided by experience take some arbitrary loadli^ per square 
foot on the tail and stress the fuselage for this, or (ii.) assume a 




value for the maximum pull the pilot can put on the control^ 
column, and, knowing the gearing of the controls, work out what 
total tail load this corresponds with. The rear part of the fuse- 
lage is treated as a cantilever from the point of attachment of the 
rear lift wire, R [Fig. 16), and half the total tail load is taken by 
each side. The loads in the struts, etc, can be found graphically 
by a force diagram, as in Fig. 16, or by calculation. 

Any weights on the fuselage, or the weight of the structure 
itself, may be taken into account if necessary. In flattening out 
from a dive these weights will act along the fuselage towards the 
front of the machine; in suddenly stalling from horizontal flight 
thM' act downwards at right angles to the fuselage. 

The load on the tail-skid when standing on the ground Is easily 
found. Stress the fuselage for an up load equal to about six 
times this. 

The fore part of the fuselage may be stressed in the same way, 
and pftrtioular care should be taken to see that there is adequate 
bracing to take the engine torque. The loads here are the dead- 
weight of engines, tanks, or whatever may be situate in this part. 
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la makiDg these calculations all weights should be multiplied 
by the factor of safety employed. 

25. The Strawth of the Langeroiu.~^Each bay may be treated 
as a pin-jointed strut, but they are too short as a rule for Euler'a 
formula. Their strength may be calculated from the Rankine 
formula — 

where/,— maximum cbmpreesion stress allowed, 
a =a constant, 
A " area of cross section, 
2— length, 
J=gmaJIe8t radius of gyration. 

MHien the fuselage is covered with fabric we may take a <° 1/5200, 
if the fabric is attached in such a way as to support the longeiona, 
otherwise a = 1/3000. 

26. The Strength ol Vertical and Horizontal Stmts may be 
calculated from the above formula, taking a= 1/3000. For struts 
having a straight centre portion and tapering towards thp. ends, 
the most economical strut is obtained when the straight part has a 
length =0-4 of the whole (Webb). 

III.— Tail-Plane. 

27. The stresses in the tail-plane are calculated in much the 
same way as the wings. There is an absence of data on pressure 
distribution on tails; failing other information the load curve of 
Fig. 1 may be taken, and the load should be taken as coming all 
on the front spar and all on the rear spar in turn. The elevators 
produce concentrated loads on the rear spar, acting at the hinges. 

IV. — Fin, RtTDDEB, Ailebons, etc. 

28. Here also there is at present a dearth of data, and experi- 
ence is the best guide. Having decided what total load must be 
allowed for, enough has been said above to enable stress calcula- 
tions to be made, for, whether we are stressing wings or tails, fins 
or rudders, we are always dealing with beams under combined 
bending and end load, and struts. Care should be taken that the 
spars of ailerons and elevators, and rudder posts, are strong enough 
to take any twist they may be called upon to bear; for this reason 
square or circular spars should be used in preference to H section. 
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By JOHN CASE, M.A., A.F.R.AB.e. 

I. — The Dynamics of Steady Flight. 

1. Uft and Drag. — Air moving with velocity F strikes a surface 
AB, inclined at an angle a (Fig. 1), to the direction of tte wind. 
The resultant force R on the surface can be resolved into — (i.) L, 
_1^ to the direction of r=the lift on the surface; (ii.) D, in the 
direction of r=the drag on tte surface; a is called the angle of 
incidence. 

The same is true if the air ia still and AB moves with velocity V. 
If AB be the wing of an aeroplane, L is the foroe which supports 
theweight,D is the force which has to be overcome by the pr(^>eller. 




Fte.1. 

2. Centre ol PresBnre. — The point C, where R cuts AB, is called 
the centre of pressure; its position on AB depends on the angle a 
and the shape of AB. 

3. Lift ood Drag Coefflcioits are defined by the equations: 



i = (p/g)S V^kj,, and D= (p/g)S V'h 



(1) 



where p= density of air; S=area of the surface AB; ft^ — the 
absolute lift coefficient; k„ the absolute drag coefficient; L and D 
are the total forces in the directions stated. A^ and i^ are inde- 
pendent of the units used. For standard density, p/y=0-00237, 
in ft. sec. units. 

4. Horizontal Straight Line Flight. — Let H'^ total weight of 
aeroplane; iS=total wing area; i;j,=the resistance coefficient for 
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the whole maehine minus the wings, such that the correspond- 
ing ieaatanoe={p/g)SV*ka. Then the total resistance of the 
maohineis — 

D=^-ST'(K + k,) . . . . (3) 

and the total lift is — 

£-^ST"*x (8) 

There ia also an upward or downward force on the tail, and some 
lift due to the body, but both these may ueuallj be neglected, and 
wecant»keR'-£-0>/3)SF'ii. Fromthis— 



Foi a given angle of inddenoe ki, is fixed, and therefore V ia fixed. 
The Tnitiimiim speed which will keep ike machine in the air is 
obtained when k^iatt maximum. Tlua will be the landing speed : 



Vmin- 



'VS{ 



The tractive force required is T- D, and from (3) and (3) 
L h 
'D^ko + ka 
... T=^^j^=W . . . . (6) 
Thepowerrequired='rF=Z)F=^«F»()fea + i,) . (7) 



Butfr^(4)P=g)t(^J 



.•.P=powerrequiied=^-^-^" . . (8) 

Hence the power required varies inversely aa y/p; thia shows 
that the power required dependa on the altitude for a given angle 
of incidence. 
We can also write, from (4) and (6) — 



Hence for a given horae-power, the maximum speed occurs when 
ki/(ko + k^ ia a maximum. 
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5. flUmtiiti g. — If the macliiiie be climbing at an angle a to the 
horizon, the componenta of W along and perpendicular to the 
flight path ace TP sin ^ and W oos 6. Hence, in this case we miiHt 

T=W ^n e +^-SV%kj, + ks) . . . (10) 
and — 

Wcme=L=S^S7'k, .... (11) 

From(U):F=/J^^ . . . (1.) 

If F, = speed flying horizontally, and F, = speed climbing, then, 
for a given an|^e of incidence, 

FyF. = V^3r^ .... (13) 

The rate of climb is F, sin 0=v say. Then w= F, sin OV cos B. 
For a ^ven angle of incide nce F. is fixed, and therefore v is a 
maximum when sin ^ V cos 8 is a maximum — i.e., when tan = V^ 
which gives ^=64°, and «=0'62 F,. This gives the maximum 
possible rate of climb, no matter how great the power available, 
but it requires a thrust equal to about 0-86 IF, and is never realized. 

P=TV=WVeiae + ^SV(kj, + k^) . . (U) 

= Wv+P,cos^''9, 

where PgX'powei taken for horizontal flight at the same angle of 
incidence. Therefore, for a given angle of climb, the maximum 
rate of climb is given by — 

P^P,cos'''''e „., 

V ^ — - .... (15) 

6. ffliding in a Stialght Line. — Let the machine be gliding down 
at an angle 6 to the horizontal. The speed will increase until the 
component of the weight along the flight path is equal to the total 
resistance of the aeroplane. The speed which is reached is called 
the limitii^ velocity or terminal velocity. At this stage we have— 

Wein0=^SV»{kj, + k^ . . . (16) 

WcQe0=^SV^k,, 

Hence the ai^le of descent, for a given angle of incidence, is given 
by- 
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and 6 is least when ht/[kD + ht) is a mmdmum. From (16) we 
have, by squaring and adding — 



'F'-^fe + t,)' + fJ-l 



(18) 



-/ 



7. Ins Veitioal Dm, ^=-90°, and the limiting velocity is given 

by— 

^-J,/r^^.ii, ■ ■ ■ <») 

The angle of incidence being now such that the total lift on the 
wings is almost zero; the lift is not quite zero for the following 
reasons: near the angle of no lift the air forces still produce a 
oouple tending to rotate the machine about its e.g., and a load on 
the tail is necessary to balance this. The condition for a vertical 
dive is that the sum of the lifts on the wings and tail should be 
zero, consequently the Lft on the wings is not zero, but equal and 
opposite to the load on the tail. 

The velocities g;iven by (19) and (20) are not reached instantly, 
but aaymptoticaQy; in practice the velocity attained in a few 
seconds is nearly equal to that which would be obtained after a 
very great space of time. 

8. A HoiiBOntal Tom. — A force has to be provided to cause the 
necessary acceleration towards the centre of the circle in which 
the machine is turning. This is obtained by banking the machine, 
and the lift forces then have a component towards the centre of 
the circle. Let ^ be the angle of bank (Fig. 2). Then if there be 
no sideslip, 

W ~L COB •!> =^Sr*kt cos <i> . . (21) 



-(..,-^H^y 
"■'-Z^^- 
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Fiom (24) we see that the Bmaller r ia the larger must V be for ft 
given angle of incidence. Then (23) shows that <f>, the angle of 
bank, increases rapidly as r is decreased. By (21), L = W aw ^, 
so that the total lift on the wings may be much greater than W. 




For a given angle of incidence, let the suffix refer to hori- 
zontal straight-line flight. Then — 



From (23)- 



sec <t = V 1 + 



y^u> 



The tractive force required is — 



(25) 



r-^SF=(i:„+i:.).^ 



(26) 
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(27) 



which increasee rapidly as the radius r is decreased, and the 
power available sets a lower limit to the posrable radius of turn. 

In order to make the aeroplane turn in a circle without " yaw " 
two actions are necessary: 

1. A force is necessary to give the whde machine an 
acceleration towards the centre of the circle, and we have 
seen how this is provided. 

2. The aeroplane must be given a rotation about its e.g., 
otherwise it would move in the manner shown, becoming 




more and more " broadside-on " to its direction of motion — 
i.e., "yawing." This is prevented by putting the rudder 
over in order to provide the necessary turning moment. 
After the machine is banked the elevators take the place of 
the rudder ainoe the machine is more or less on its side. 

9. Spiral EHid«s Ul9 Spiiining. — The machine glides downwards 
in a spiral, or, more accurately, a helix. In Fig. 4, A, B, C, D, 
is the Sight path — a helix described on a vertical circular cylinder, 
of which the axis is a, 6, c . . . ■,aA,bB,cC . . . being successive 
radii. Consider the aeroplane when it is at d^ : YY' represents the 
wings; XC Tib the tangent to the flight path, making an angle 
with the horizontal; ^ is the angle of bank; CZ is the lift axis of 
the machine, _J[^ to Cy and CX. 

Suppose that the motion is steady, and thet there is no sideslip. 
Then— 



^SVHk„ + k,^ = W Bin 9 



■ (29) 
. (30) 
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where r is tte radiua ol turn. If u be the uigular velocity- 
V 



From (29)— 



- cos $ 



(31) 
(32) 



-t-~~~- 
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_f^ FiG. ■f 

From (39) and (30) we have— 

^SV'kt,='W COB fl/cos ^ 



. by (28)- 



k^ 
~ki, + k, 



tand 



■ (33) 
• (34) 



If F,=-the speed of horizontal straight-ltoe flight for a given 
angle of incidence, then 



r- /ZZ 



p/g • Ski, cos ^ 



/cos & 



. . (35) 
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For a given angle of incidence, and a given angle of descent $, 
the angle of bank is fixed by (34), and the speed ia given by (28) 
OF (35); (0 and r are found from (31) and (32). 

A spin is a spiral glide with a very large angle of incidence, far 
beyond the stalling angle (see § 13 below). The speed is then low, 
and the weight of the machine is suppoited mostly by the farae 
drag. Owing to rotation the angle of incidence varies along the 
^lan, perhaps as much as 1° per foot run. In an observed spin of 
B.ii.3 E., the radius of turn was 20 ft., the angle of descent 71°, 
the angle of bank 75°, the mean angle of incidence 32°, and the 
speed 80 ft./sec. 

10. Spinl mght witb the Engine on. — Equation (28) becomes 



r=^5F'(ifl + ts)±fl 



(36) 



the plus sign being taken if the machine be cbmbing, and the 
negative sign if descending. Equations (29]-(33] still hold; 
also (35), but (34) is no longer true. 

For a given radius the necessary angle of bank is given by (32) 
— i.e., tan ^ = V^/igr cos 6), and the speed is then found from (35), 
The necessary airscrew thrust is given by (36) and the power 
taken is — 

where « = the speed of rising ( + ) or falling ( - ), andP, is the power 
taken for horizontal straight-line flight at the same angle of inci- 
denoe and speed. 

II. — Fbopbbti£8 op Aebofoils, btc. 

11. Flow ol All post AerofoUs, etc. — When air flows past a 

solid obstacle such as A (Fig. 5), the air flows ofi on each aide as 
shown, and in the space on the downstream side of the body the 
steady flow is replaced byan eddy motion, the air forming whirl- 
pools or vortices. If, instead of the air flowing past the s^d, the 
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solid be moved through the air the same thing happens, and the 
formation of these eddies adds to the force required to push the 
solid through the air. If the tail of the body be stretched out as 
in B, the apace, which would otherwise be filled by the eddiea, is 
filled by the solid, the eddies have not so muoh chance of forming, 
and the resiHtanoe is reduced. The presauie on the extreme front 
of the body is always P V*/2g per unit area. It usually happens 




FlG.€. 



that, up to a certain speed, the eddies form and pass away from 

the solid in fairly uniform succession; but when this speed is 
reached the type of flow is entirely changed, and the regular eddy- 
formation is replaced by a state of violent turbulence. This 
velocity is the critic^ velocity for the solid. The same thing 
happens when the attitude of the body to the relative stream is 




changed: there is some critical position for which the type of flow 
changes almost suddenly. The flow past an aerofoil partakes of 
the nature shown in Fig. 6, and experunents made to measure the 
pressure all over the section show that it is positive on the surface 
facing the wind, and a little way round the nose — i.e., over ACB ; 
on the lee side, ADB, of the aerofoil, the pressure is negative — 
i.e., the air exerts pressure on ACB and suction on ADB. The 
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piessuie is greatest at t 
in front of the n" — ' 



.„e nose C, and the Buotion is greatest just 

— n ordinate of the upper BTirface. 

12. Deflnitioiu of Temu relating to Aerotoili: 
(i.) The chord is defined in the manner shown in Fig. 7; if the 
lower surface be concave, (i,), the chord is defined by a straight 
edge; if convex, (ii.), byatemplet. In both cases the length of the 
chord is AB. 




AngU ^ Incidence, 

fiQ, g, — Charactbrihtio Ouevxs Of Aehofoilh, fbok Hodil8 IS' x 3'. 

Wind Speed, 10 ft/gec. 

(ii.) The canAer of the surface is the ratio CD/AB, where CD 
is the maximum ordinate measured from the chord. 

(iii.) A is the leading edge, B the trailing edge, the aeroplane 
moving in the direction B^. 

(iv.) . The Angle oj Incidence is the angle between the chord and 
the direction of motion. 

13. The Air Forces on an Aerofoil. — The total force exerted by 
the air on the aerofoil is measured by its two components, lift and 
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di&e (eee g 3 above). The lift is usually zero at a small negative 
angle of incidence — i.e., when the chord ie inclined ahghtly 
below the direction of the relative wind- — and increases fairly uni- 
formly up to the critical (stalling) angle, when it begins todecrease. 
The suction on the upper surface contributes more to the lift 
than the pressure on the lower surface. A few typical curves are 
shown in Fig. 8. 

H. Aerofoil Characteristica- — In addition to k^ and kj, (§ 3), 
another quantity is necessary before we know all the properties of 
the aerofoil : the air forces exert a moment tending to rotate the 




FfC.5 



aerofoil, and to calculate this we must know the position of the 
centre of pressure C (Fig. 9). The centre of pressure coefficient 
(ft) is defined by the ratio AC/AB. The moment coefficient is 
defined by the equation 

M =.-cJ^SF"= -ik{L cos o + 2) sin e) 
or 

A_ = - ll(ki_ COB a ->- itg Bin a), 

where if= the moment of the air forces about .4, ^ = the moment 
coefficient, c = the chord, a = the angle of incidence. M and it. 
are positive when the forces tend to increase the angle of incidence. 

15. ^nencfl of Shape of Aerofoil Sectioa.— The eilect of modify- 
ing the various dimensions of an aerofoil on its most important 
properties will be seen by studying the accompanying table 
(pp. 48, 49), BO far as available data allow. 1^7 in that table 
show the effects ol progressive changes in certain quantities; 
8 shows the effect of a particular modification of R.A.F. 14; 
9—13 show the properties of certain Hections. 

16. Effect of Plan Form.— -Tests on R.A.F. 6, with an aspect 
ratio of 6, with rectangular tips, and tips rounded in the form of 
an ellipse, show a small rise in ki, and fall in k^, except for large 
positive angles, as the rounding off is increased. In'a plan draw- 
ing of the wing the ellipse was drawnwith its major axis along the 
centre of the wing. The maximum L/D is increased considerably 
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by rouadii^ ofi, and a general impTovement is obtamed up to the 
case when major axis of the ellipse is a quarter of the span. 

17. Aspect Ratio. — ExperimeDts on an aerofoil of section 
similar to" Bleriot XL, &w" (a section having lai^e top and bottom 
camber\ show that ati the aspect ratio increases (i.) the stalling 
angle is decreased, (^/Jbh. is increased slightly, and max. i/i) is 
considerably increased (A. C. A., 19U-I2). Simily experiments 
on R.A.F. 6a show the same thing (R. and M., 139). The following 
are the figures: 





Aipecl 
RaHo. 


ataUing 


Max. 


Max. 
L/D. 


Max. 

L/D. 


L/D at 
k,.=ii-\. 




'■ Bleriot 
XL, 6.>." 


11 


W 

18= 
16° 
!6° 

16° 
15= 


0-67 
0-6S 
0'6S5 

0'6S6 
0-69 

0'686 


10-1 
11-5 
129 
14-0 
15-1 
15-6 


0-39 
0-32 
0'316 
0-313 
0-310 
0-305 


4-7 
4-4 
4-7 

a-0 

4-7 
4-4 


-2-4 
-2-4 
-2-8 
-2-9 
-3-2 
-3-6 


R.A.F. 
6a. 


1" 

\ 1665 


14° 
12° 
12° 


0-59 
0-605 
0-615 


17-1 i 0-25 
23-0 0-29 
25-0 0-33 


8-0 
8-0 
8-0 


-2-3 
-2-3 



The last example had rounded ends, and probably the aero- 
dynamic superiority of this over the one with A.R. = 13 is due to 
this rather than to the increase of A.R. All the others had 
square ends. Other evidence goes to show that it is unlikely that 
L/D would be increased any more at still larger aspect ratios. At 
small values of tj, the A.R. does not appear to have much effect 
on L/D. 

18. Biplanes. — ^Data obtained from tests of model monoplanes 
cannot be applied to biplanes or triplanes without modification. 
The lift coefficient is reduced, particiJarly on the lower plane, and 
consequently L/D is reduced as well. The efiects are shown in 
Fig. 18 for R.A.F. 6. 

There are two points upon which biplane effect chiefly depends: 
the ratio of the gap between the planes to the chord, and the 
" stagger " — i.e., the relative fore-and-aft position of the planes. 
Stagger is measuied by the angle $ (Fig. 19). It is easy to under- 
stand at once how the top plane interferes with the lower plane 
if the fiow from the latter be considered -(Fig. 19). The flow on 
the under surface of the top plane and the upper surface of the 
bottom plane are disturbed, consequently, since, in both cases, it 
is the upper surface which gives the greater part of the lift, we 
expect the lift of the lower wing to be reduced more than that of 
the upper; Fig. 19 indicates how the interference is influenced by 
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fap and stagsex. The eflect of gap/chord ratio and stagger for 
:.A.F. 6 is shown below (B. and M., 196); the figures refer to 

the complete biplane. 



atagger. 


Gap/ 


StaUing 


Jfor. 


Max. 


tiO( 


L/I>f«r 








L/D. 








0-67 


17-6" 


0-631 


14-1 


0-29 


7-6 




1-00 




0-562 


15-3 


0-24 


7-5 





1-33 




0-57 


16-0 


0-26 


7-5 


1-67 




0-0 


16-1 


0-25 


7-6 




2-00 




0-6 


167 


0-25 






2-33 


16° 


0-6 


17-2 


0-26 


7-6 


+ 30" 


0-9 


16° 


0-585 


U-8 


0-26 


7-5 




0-9 


16" 


0-B55 


14-6 


0'26 


7-5 


-21° 


0-9 


16° 


0-525 


14-9 


0-28 


7-5 




—The centre plane suffers most from interference 
in this case. The general effects of altering the gap/chord ratio 
and Btagger are the same as for a bi|Jane. Fig. 20 shows the 
properties of the several planes for B.A^. 15 as a triplane, and the 
table below shows the effects of the gap/chord ratio and staler 
for R. A.F. 6. In all cases the two gaps are equal, and the leading 
edges of the three sections are in a straight line. The figures refer 
to the complete triplane. 

Further triplane experimentB are given byHunsaker in Engineer- 
ing, July, 1916. 



Stagger. 


Oap/ 


aiming 


Max. 

4z. 


Max. 

L/D. 


ki.al 

Max. L/D. 


f/;fi 





0-6 
0-75 
1-0 
1-6 
20 


20° 
19° 
18° 
17° 
16° 


0-439 

0-493 
0-532 

0-568 
0-575 


10-0 
10-8 
116 
12-4 
13-7 


0-224 
0-200 
0-216 
0-242 
0-254 


60 

6-5 
6-7 


-30° 



+ 30° 

+ 60° 


1-0 
1-0 
10 
1-0 


16° 

18° 
18° 
18° 


0-48 
0-532 
0-59 
0-621 


11-6 
11-6 
12-2 
12-1 


0-238 
0-216 
0-242 
0-26 


6-5 
7-0 



' + stagger meana that the top plane is in front oC the bottom. 
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20. PWMiue DiiiTllnitton wbag Ow SpuL — The intensity (d 
loading is not ooushuit along the wing, but fails ofi towards the 
tip; the manner of distribution varies somewhat aooording to the 
angle of incidence, and is diderent for the top and bottom planes. 
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Experiment indioateB( I ) that the loadper inoh run over the wing tip 
is independent of the obord, a deorease in ohord being oompensated 
by a riae of pressuze intensity; (3) that the o.p. coeffioient is praoti- 
eally constant all along the wing. The critical angle of the lower 
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plane is much greater than that of the top plane for all points 
alongtheBpan.andtheoentreseotionsreaohtheontical angle before 
the outer. The latter effect U very pronotmoed on the toi> wing, 
and causes the load per inch run to rise over the outer sections at 




,aJ* a5^"j -■"WmdH 



large angles of incidence. Since the top plane stalls brfore the 
bottom, the loading on the latter exceeds that on the former at 
large angles. Examples of load distribution are dven in Pie. 21 
(E. and M., 355). ^ 
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21. Tbe " Eqaivaleiit FUiu" of a, Biplim 



Fig. 2a, a aod b being given by— 



Sj=Ate&oi top plane ^,Sg= area of bottom plane CD, A^, and 
ii;^g — their respective lift coefficients. For sbresa calculations it 
isusual totakei^j/%^, — 1-3. 



>^\ : lY 



fl«.J8. 



-■V 



22. Scale EOeot. — It can be shown that, if L and / denote 
OOTiesponding dimensioiiB of any part of an aeroplane and a model 
of that part, and if V and v are the velocities, the forces on the 
model and on the full-scale article will be the aame provided VL » vl. 
It is not practicable to realise this condition with model experi- 
ments: if the model be I/IO scale the air speed would have to be 10 
times its full-scale value— ^.e., something of the order of 1,000 
miles per hour. For this reason it is necessary to see how the 
force coefficients vary as vl is increased ; these voiiations aie called 
" scale- effect." If a model aerofoil has a chord— 3 inches and the 
wind apeedi-eOft./sec., v2 — 15; if on aeroplane has & chord of 
5 feet and a speed of 150 ft./sec, vl^750, inft./sec. units. Hence 
the range of vl to be covered is great. Various experiments have 
been made at the i^.P.L. in this direction, and point tc the follow- 
ing conclusions: For vf^lO, the lift ooefG^ient does not change 
appreciably over the range from max. L/D to max, lift, and neither 
does the critical angle; the drag coefficient decreases continuously 
ap to vZ—about 10; the max. X/2> increases continuously to the 
end of the experimental range (vl — 12-5), is still increasing slightly, 
but it appears tobeoome constant at vl = about 30; the angle at 
which the max. L/D occurs is reduced, and the angle of no lift is also 
reduced (i.e., has a greater negative value), as vl increases. Scale- 
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effect corrections are given in the section dealing with performance. 
Since the range of i5 ifl ho great it is better to take log vl as a 
base when plotting curvea; the errors in extrapolation will be 
reduced. 

The above figures refer to tests on an B.A.F. 6 aerofoil (A.C.A., 
1912-13 and \SlZ-li). Later experiments on a model biplane of 
the same aerofoil show similar results. 
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2. Lognitbms: 




logwn = logm + logn. 


log^ = n 


log- =k.gm-logn. 


logl =0. 



MATHEMATICS 

By JOHN CASE, M.A., A.F.E.AB.S. 

Section i. — Poke Uathehatics. 
1. Algebra. 



log a:. 



3. Uh ot Ltwuithm TaUet.— The logarithm of a niunber con- 
sists of a decimal part and a whole number. The decimal only is 
given in the tables, and ia always +. The whole number de- 
pends only on the position of the decimal point; the rule is: foi 
the logarithm of a number ]>I'the whole number is I leas than the 
numberof figures to the left of the decimal point, and is plus; for a 
number <^1 it is I mare than the number of O's after the decimal 
point, and is minus. Thus: 

From the tables, log 2-0=0-3010. 

2 is one figure to the left of the decimal, so the number to be added 
to 0-3010 is zero. 

Iog20 - l+0-3010-I-3010;log200 = 2-3010. 
log 0-2 = - 1 +0-3010; written 1-3010. 
log 002= -2+0-3010; written 5-3010. 

In multiplying and dividing numbers like 1-3010 by another 
number remember the decimal part is +. Thus 7(1-3010) = 
7( - 1 +0-3010) = - 7 + 2-1070 = 5-1070. 
The li^arithjns given are log^o- To find log, multiply by 2-3026. 

4. Eqnatioiu. — The solutions of x* + &x + c— are — 
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If i'<[4c tlie roots are imaginary. 

Equations of a, higher degree than the second are best solved by 
successive guesses. The following rules may be helpful: 

If we know the answer is large, a first idea of the root may be 
obtained by ignoring all powers of x except the highest; if we 
know the answer is smaU, neglect all powers of x except the lowest. 

Try to spot where the function changes sign. Usually in such 
equations we only require one root, and we very likely have some 
idea of its size; probably the other roots are meaningless or silly. 
For instance, if we are trying to find the weight of something, and 
it is given by a cubic equation, we only want the real positive root 
of the equation: if it has two negative or imaginary roots as well 
we do not mind; of course, it may have two real positive roots, but 
the nature of the problem will usually help ue. 

Example of a oubio: 

3^ + 2x- 1000 = and we know x is large. 

As a arst shot x^ = 1000, a' = 10. x-lOmakesthe Ieftside = 
+20; x=0make8theleft Bidei== 1,000; so clearly zis alittle less 
than 10. Try x-9-d; this makes the left dde= - 12. So z is 
between 9-9 and 10, and nearer the former; 9-94 makes the left 
side — 1-^. Probably this is near enough. Squared paper may 
be used as a help. 

5. Binomial Theorem. — Definition of Factorial n, written n 
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il+xy = l+nx. {l'X)r = l-nx. 
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OPiB + . OM 18 + to the right; -totheleft. 
PM is + above OA; - below A. 




fe o 




7. Belatknu between the Funotioiii : 

Bin* 0^1 -co# ff. cos* fl = I -Bin* $. 

tan 6 = Bin 8/coa $. cot fl - ooa tf/sin *, 

^*'=r+t«n*fl- ^•^"-FTHi^g- 



oI(90"±fl)aiid(18ff'±ff): 



Bin (90= ±e) = cos». 
ain(I80°±«)=TBin A 



008(90° ±^)-TBintf. 

OO8(I80''T*) = COBft 



9. Bolntioiu ol TrisnglH: 

In a right-angled triangle ABC— 



o=c Bin A = c COB B = 6 tan A. 
b^c cos A—d sin B — a tan B. 




flff.2 



b, Google 



60 THE AEEOPLAHE HANDBOOK 

In Any triangle : 

(i.) Given o, c, A, to find a, B, C. 

a*=fc* + c*-26ccoa Ogives a; 

then sin B = r sin ^ gives S, and (7= 180° -^-B, 

(ii.) Given b, c, B, to find a. A, C. 

sin (7=r sin B gives C, and then ^-I80°-£-C, and 
a* =l^ + <^~2bc cos A. 
(ili.) Given a, b, c, to find A, B, C. 



e ^ andB, and then C = ISO" ~ A-B. 




(iv.) Given vi, B, c, to find a, 6, C. 

C''1S0''-A-B. 
SIR A sin B 

'*^'' maC sInC' 

10. Sum olDiiletenoeot Two Angles: 

sin (^±^) = sin cos ^±cos ^ sin if> 
cos (d±<>l = cos^ cosi^ + sind sin ^ 

,nj. ,, **ii d±tan A 
tan ^±*) = i— : — a-r — ^• 
' ^' 1+tan 6 tan^ 

11. Double Angles: 

sin 30 ='2 sin ^ cos ^. 

cos 26 = Gos*e - sin'fi = 2 cos")? -1 = 1-2 sin'tf . 

12. larerse Fimctioiu : 

sin~' X means the angle whose sine is x. 
oos"*' X means the angle whose cosine is x, etc. 



by Google 



MATHEMATICS 



in Angle. — The value of 6 measnied in 
radians is the arc .4B-f-radiu8 R. ff'^vff/lSO radians, 
B isdians- l806>/n- degreee. 
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3. DiflemiUal Calonlu. 

15. In what follows, u, v, y are any functions of x—i.e., any 
expreseiona involving pother letters, o, b, c, n, m, areconatanta — 
i.e., numbers. 

Meaning of DtSenntial CoeOoiait. — The difleiential ooeffiaient 

of y with respect to x, written ^, means the rate at which y is 
changing compared with x. 

16. IM ol Standard Diflerential Coeffloienti : 



any constant 
oaf - 
orf- - 

alog,nx - 

aeiabx 
acQsbx 
at&nbx 



dy 

I cot &x - -ab oosec* bx 
t sec &x - a& sec &r tan bx 
%bx -ab cosec bx cot bx 
ab 
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17. Methods ol Diff erentiatiiig : 

(i.) Sum of several functions: differentiate each and add. 

(li.) Product of aeveral functions: multiply the difierential of 
each by all the others and add — e.g., for three functions, 1, 2, 3, the 
difCerential coefficient of, the product ia (2nd x 3rd x difi. of 1st) 
+ (lat X 3rd X dift. of 2ndl + (lat x 2nd x difi. of 3rd). 

(iii.) A fraction: 

T..^ fiTi .- denom. xdifl.ofnum. -num. xdiff.ofdenom. 

DilE. of Fraction —73 -. — -— r^ 

(denommator)' 

(iv.) A function of a function: To find t^ where y is a function 
of u, and u in turn is a function of x: 

ax du dx> 



e.g., y=-log (sin a;)-log «, where 



(2v 1 . du 

dy cos X _ 008 X 
' ' (&""«' "siFa!^" "'■ 

We proceed in the same way if the function process is carried to 
three or more operations: 

y=Iog[8in(«'^)] 

The method can be put into words thus : any function of x given in 
the table above is obtained by doing something to a;^we square 
it, or take the logarithm of it, or take the sine of it, or aomeuung. 
To each operation performed on x there ia a correaponding opera- 
tion to be done when we want the diSerential coefficient; this is 
what is given under the column dy/dx ; e.g., if we make a function 
by taking the logarithm of something, when we want the difieren- 
tial coefficient we must take 1 over this aomething — i.e., turn it 
upaide down. So, when we wont to difierentiate a complicated 
expression like the one given above, we see what has been done to 
z to produce the function; we take each of these operations, b^in- 
oing iM far away from z as possible, and perform the proper opera- 
tion to obtain the difierential coefficient, and multiply aU the 
results. Thus, taking the function above, the last thing done was 
to take a logarithm, so the first thing to do to find the differential 
coefficient ia to turn upside down what comes after the logarithm ; 



by Google 



MATHEMATICS 



63 



before the logarithm a sine was taken, bo we take the cos of what 
comes after sin, and so on. 
(v.) If X and y be given as (unctions of a third variable «, 

dy dy dx 
dx du du 

{ vi. ) If « and y are given hyf{x, y) = 0: differentle te/ with respect" 
to X, treating y as a constant and call the result /,; difierentiate/ 
with respect to y. treating x as a constant, and let the result hej^. 
Then— 

dy /. 



dx "/,■ 



*.-eo 



18. Soceenin Diflanntiation.— If we differentiate ^ we obtain 
^,and80 



•'and Minim* — Pig. 5 shows what we mean by max. 
and min. here : the points marked A are maxima, B are minima. 



FIC.S. 



B 



Tosee wheny isamax, ormin., find^, and put the result -0; 

solve the resulting equation for x. Then find -ri, and substitute in 
the result the values of x found from the equation dy/dx = ; then. 



those values of x which make - 



, make y= 



those values of x which make -J^ , make y ■« max. 



^ 
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dy 

20. Fiopwtiei ol Cnrves.— The elope of the tangent at {x, y) is ^. 

p = the radius of curvature — 1+(t^) \I^' 
If the curvature is alight we oaa take - — ^X- 

4. Integzal Cilcnlni. 

21. The Integral Calculus can be regarded as useful for two 
purposes: 

(i.) Given ^ to find y: ii ■£=». y/t*-^. 

(ii.) Qiven a little bit of something, to find the whole; if we can 
find the value of a little bit of an area bounded by a certain curve 
we can find the whole, and so on. 



22. LiatoinaefnlluteKtali: 






u 


fu.dx 


« 


fu.dx 


aj- 


» + l 


sin ax - 


1 

--COS (KB 


i 

x+a 


log, (x + al 


cos Oic - 


1 . 

- ain ax 


1 

1 
x*-a» 

1 

1 




tan no; - 
coseca! - 

cot ax ■ 


- - log cos ax 
log tan ^ 
logtang+l) 
hog sin <« 


Va'-x' 
1 


sinh-'- 


ain»j: - 


a;* ain 2a! 
5 " i 
X* sin 2a! 

2 + i 
tan a; - a!* 


V^'-a» 


co8h-'^(3:>a>0)* 


tan'i - 


Va'-x' 


IV«^-'^. 


cot* X - 
sec*! - 
cosec' X 


- a:* - cot X 
tana; 

-cots; 


y/x*-a' 


^Vx^-a' 


cosh ox 


isinho^r 




- „- cosh-'- 


8inh<w 


-- cosh ax. 



* The angle i« to b« exprsHed in raduuu. 
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u 


/u.dx 




Vx' + a' 


|V«» + a»+-2 s'lh- 


1 "^ 
a 


xcoB nx 


z edn nx oos nx 

» + »■ 




xainnx 


X eoB nx sin nz 
n — '*"~r^ 




X* cos nx 


x' sin MX 2x COB nx 2 sin nx 

„ + »■-«• 


^ . 


x» cos nx 2x sin 


nx 2 cos nx 


X Bmnx 


« ' n' 


~+~^9~ 


tfanbx 


o sin &a; - ft cos 


^ 


^' a' + 6' 




«f coeSa; 


_ tain 6iE + a cos 


^ 



23. BnlMtorliUecmtion: 

(i.) To intsKiate the sum of Beyeral funotionB, integrate each 
separately and add. 

In order to integrate a function which is not included in the ahove 
list, we must tuin it into one of those forms or the sum of severiJ 
such forms. The following methods are available: 

(ii.) Try substituting x = eome function of- a new letter 2, and 

(£r = 3; -dz. When the integration has been done substitute back 
for z in terms of x. 
(iii.) If the function consist of the product of two functions of 

the form t- ■/(«) ■ dx, we can integrate at once — e.g., 

f{2ax + b) sin (ax* + bx + c)dx = - cos (ox''+ fix + c), 

(iv.) If the function consist of the product of two functions, one 
of which can be integrated by itself, and the other of which re- 
duces to a simpler form when differentiated, use the formula: 

Juvdx = uJ vdx-J[fvdx^-- dx 

dx 

e.g.,/xcoa x •dx=x/ooax dx-/ainx- ,dx 

-/ sin dx • dx 
:n X + cos X 



,ons of the form - 



(t.) Rational Algebraic Fracti 

if the nimierator be higher than the first degree divide out until 

a 
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it ie of first degree. This gives teima like x" + a fraction. Tte % 
terms integrate, and the fraction is of the form — 



|(a«»+j)+(,-g) 



The integral of this is— 
The latter integral 



°("2i)"*(|-I?) ■ 
Put a; + 2^ = y, and this is one of the forme given in the table, 
(vi.) OfAer AottonaJ JX^raiD Fractions. — Try to break them 
up into fractions which can be integrated. 




f=lff.6 



24. Definite Integrals. — If we wast the value of an integral 
from x=a, to x=ab, substitute x = a and 3;=& in the value of the 
integral, and subtract — e.g.: 



/' 



-V5- 



If we want the value of a definite integral, and we cannot per- 
form the integration, the value can be found by plotting the func- 
tion to be integrated. 
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The value of / f(x) dx is tke area shown in tlie diagram, and 

can be found by a planimetei. 

26. Lengths, Aieis, eto. — If we know the equation of a curve in 
the form y =J{x), then (Fig. 6) — 

(i.l The length of the curve AB^J^^l+i^' ■ ih. 
(ii.) The AK&M ABN^Jydx. 

(iii.) The volume of the solid geneiated by AB revolving round 
Oxiav/ y'dx. 

Sectioh II, — ^Applibd Mechanics. 

1 . The component of a f orceP along 0A—Pqo6$; the component 
perpendicular to OA =P sin $. 

2. Themoment of P,about any points, iaP multiplied by £df. 




p/ff.y. 



3. For any body which is in equilibnum under forces in one 
plane, equations for findii^ the unknown qnantitiea are found by — 

(i.) The sum of the components, in any direction, of all the 

forces must =» 0. 
(ii.) The sum of the moments, about any point, of all the 
forces =0. 

These two conditions will solve any problem on forces in one 
plane. 

4. Forcet ia Eqmlibrimii.^ — If lines are drawn parallel to the 
direction of the forces, consecutively, with lengths proportional 
to the forces, the lines bo drawn must form a closed polygon, as in 
the diagram. Hence (i.) if we know the forces I, 2, 3, i, but 
nothing about 6, we find the magnitude and direction of 5 by 
drawing aheie, and then the line ea, required to complete the figure. 
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gives 5; alternatively ae, equal and opposite to 6, is the resnltdnt 
of 1, 2, 3, 4. This gives the size and direction of 6; to find its 
position proceed thus; 

In the figure abode take any point and join itto the corners; 
take any point 1 on the line of action of 1 , and diaw a line, parallel 




to Ob, to meet the line of action of 2 in 2 ; f torn 2 draw 23 parallel 
to Oc, and so on till i is reached. Then from 1 and 4 draw 
lines parallel to Oe and Oa; where they out is a point on 5. 

(ii.) If the forces meet at one point and we know all but two of 
them, and know the directions of these two, we can find their 




sizes ; if we know 1 , 2, 3, draw <^)cd, and then draw i2e and ae in the 
known directions of 4 and 5 ; where they cut is c. 

If there be only three forces they must meet in one point or be 
parallel. The notation used should be noted: the space between 
two consecutive forces is marked with a capital; in the polygon 
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the line lepreeentiiig a force ie marked with the letters on each 
aide of the force in the force diagram; the order of going ronnd 
the two figures must be the same. 




6. Pandlal Foroea. — The same method can be used for parallel 
forces. Pig. 9 shows the manner of finding the resultant (5) of 
1, 2, 3, 4. its size is the sum of 1, 2, 3, 4. 



"t 


H 


C , 


^ tB 


Q / 
"~ 7 


/ L 




c / 


N 


<A 


D 


B FlC.lf 





V^ 


1 


7 




f / 






-Y 






/' 






/ 


f.Sl' 
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Fig. 10 akowB how to find two forcee, 4 and 5, paeaing through 
two given points X, Y, which keep equilibrium with 1, 2, 3. Fige. 
8, 9 and 10 aic all lettered to correspond, eo that the relation 
between them may be seen. 

6. Ftameworks. — Given a fiame nnder known applied loada, to 
find the forces in all the membeis. Example: 

The forces IA,B), (D.B), (G,A), etc., are known. The polygon of 
forces for each point is drawn as described above. The order of 
t^dsg the points is shown by the numbers on the diagram. Each 
line in the top figure is parallel to the line between the same letters 
in the bottom diagram : ef is parallel to EF, etc. 

7. Centres of Orsvitr.— To find the e.g. of any area: divide it 
into parallel strips of equal width. Along the middle of each strip 
take a force equal to the mean length of this strip. Find the 




Fie. (2. 



{)Osition of the resultant of all these parallel forces: let it be the 
ine XX. Repeat with strips in a perpendicular direction, and 
let the resultant act along T¥ : the eg. is where XX and ¥Y out. 




FiG.ii. 



Some Vs^ul Centra qf QravUy : 

Triangle. — The o.g. is at the intersection of the lines j oining the 
angular points to the middle points of the opposite sides — i.e., on 
these lines at two-thirds theii length from the angle. 
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Paralldogratn. — The e.g. is at the intersection of the diagonals. 
For plate flemioiroular OG (Pig. 13)-04244 R. 

For hemisphere Oy=0-375 R. 

I.I^.«:GN = ^_**t* 
where Jj>- area of AB; ,4, = area of CD ; 4,-areaofEF. 

P — , 



^£3^ 






^ 



-h — 



*H3M 



it: 



W^ 



ti of InertiA. — The M.I. of an area about a line XY 
is the sum of the products of the areas of all little strips like AS 
multiplied by a;* — i.e., I ^fx*ydx. 







p 


*~ 


_i 




X 






V 








y 






IS. 
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It is found easily by squared paper. 

If I, = the M.I. of an area A about XX, through the e.g., then 
the M.I. about TY, parallel to XX, is 1,=.:^ + AA». 




Y Fffr. (6 



Table of Moments of Inertia of Areas. 






K\ 


X 




G 


\ 








B 









Fit. /«. 
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If we write I ■ Ak*, k is the radius of gyration. 




9. Hus. — The mass of a body » its weight -h?; in the foot, 
pound, second system, m— mflss— — shtgs. 

10. Man Honunti of Inertia {/). — In the dynamics of rotating 
bodies we require the (mass) moment of inertia — i.e., the sum of 
the products of the mass of each element of the body by the 
square of its distance from the axis of rotation. The units are 
slug - ft.*. 

Table. 

(i.) Vnijorm Rod, length I. 

W I' 
about axis through one end, petp. to length -— ■ 3 



9 12 



(ii.) Rectangular Plate {aides a, b), 

about axis through centre parallel to side a 



about axis through centre ^ to Its plane -— . - s 
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(iii.) Eectangitlar Block (^dea a, b^c), 

about axis through e.g., parallel to a - 

(iv.) Cifcular Disc, or Cylinder {radiua r), 

about ita axis 



(v.) Circular Ring, about its axis - 
(vi.) Solid Sphere, about diameter 



W 3r» 
9 ■ 5 



If we write /■• — A', k is called the radiua of gytation. 
Analogous to (8) above /y=^(A'+A*). 



11. Velocity, Acceleration, Force, etc. 







Straight Line Motion, 


SolaiioH. , 


With oottBtaat accel- 




Note: radiiBis/BBO. 


eration (i.e., conitant 




2>- 


forcea): 






=g0xr.p.m. 


Initial speed. . 




»a/ieo. 


ot, ladians/ieo. 


Speed after t sec 


^ .. 


r ft/sec 


u>a radianB/«ec. 


Distanoe 




stt. 


B radians 


Acceleration 




/ft./eec.» 


arftd./sec» 






i.=u + ft. 


«j=», + a» 






g=«(-t-ia« 


«=«,(+ Ja(» 






c»=Ka + 2ft. 


«ij" = «,»+2aS 






Force =P lb. 


Coaple=Tlb.ft. 






W(. = Wlb. 


M.L = IIb.ft.3 






wv/g 


i«/s 


Kinetic Energy 




^m 


I<^/2ff 






P=W//ff 


T=Ia/9 


Work done . . 




p» 


T* 


Rate of working (h. p.) 


Pp/650 


T<,./6S0 


If acceleration 




S' 


>W 


forces not constant 


''=rfi 


""Se 






, d« dH do 


d*. !«# A- 






J—^-dfi-^di 


"=5(=3(3="dfl 






P=W 


T=?« 






9 


s 
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. Section III. — Stbenoth op Matbsials. 

1. £=Youiie'8moda]uB. fi = Pull or Thrust, 

N = Modiilufi of rigidity. M •■ Bending momeiit. 

p or/, ^TensilestreBB. T-Torque. 

p or J, = CompreBsive Btreaa. ^— Area of section. 

qoTj, =8hear Btieaa. I=Leiigth. 

^— Sheariu^ force, 

e— Elongation or oontraction per unit of OTiginal length, 

^ =■ Shear strain (radians). 

2. Balation between Btren ind Strain: 

Shear ^-^^ j.|. 

T ■ . R R 

lenBion or oompression e~ j,-j P~'a' 

3. Prindpal atrenoi. — If a material be under two perpendioular 
BtreeBee p^ and p^. and shear stress g, as shown, there are two 
idaoes for which the shear Btns8 is zero. Across one the direct 



ji u u u 



p. -i— 




fflftttf 

FtG.ZO. K 



stress ie a maximum, across the other a minitnum. These are the 
principal stresses. They are given by — 



HVi - Pi) ± Win + PtY + 4?», 

S being » tenaile stress and p, compressive, and the inolination« 
the planes are given by — 
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wliioh gives two valaes for 0, difiering by 90°. Either p, or p, 
may be negative or zero. 
i. Strain JSaetgj. — The work done in stretching (or compresmng) 

Loads suddenly applied produce doable the stress they would 
produce if applied gradually. 

5. BMiiUng ol Brains. — If a beam be loaded in any manner the 
bending moment at any point P is the algebraic sum of the 
moments about P of all the forces (including reactions) between 
P and either end of the beam. The shearing force at P is the 
algebraic sum of all the forces on one side of P. 



Max. B.M. Max. Shear. 



Cantilevec: 

W GOnoeutratod a 



Freely Bupportod beam: 

W oonoentratod at diatancsl 
a (-ef/2) froin oae end | 



I 



In the above table, i=length, 7=mQment of inertia ol oross- 
seotion (supposed constant). 




Tt-naioy^. FIC7K 
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I dne to Bending. — la the diagram the curvature is 
sappoeed oonoave upwards. The part above NX is in oomprea- 
My, 

sion; maxunum 8treBsis/,=>— #-*■ 

The part below NX is in tension; maximum stress is/,— — j^ 
Shear stresses are in the plane of the section, and in longitudinal 
planes parallel to NX. The maximum shear stress occurs at the 
thinneet part of the web.* The shear stress at a-ny point on CD 
is given by — 

F X moment of CABD about NX 

J' TTTD 

This gives the intensity of shear, either in the plane ABCD or 
in the longitudinal plane through CD. 

7. TorsioQ. — A rod of length I is twisted by a torque T through 
an ai^le 4- Then — 

T~NC^/l, 



where C is the torsional etifiness of the section. 




For empirical method of finding torsional stifEneas of other 
sections see a paper by Griffiths and Taylor, Proc. /«*(, Me(^. Eng., 
1917. Remember that projections do not help torsional stiffness; 
thus a square section is only 6 per cent. stifEer than the inscribed 
circle; I sections are very weak in torsion. 



SbCTION IV, — MiSCBLLANBODS, 

1. To Draw a Parabola, Eiven Height and Ban.-~(i.) Divide 
base and height equally, and the points on the curve are found 
as shown. 

* Unless the comeiB are very sborp. 
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(ii.) Produce DC to E ao that BC=CD. divide EA and EB 
into equal parts; join aa Bhowc, The joinii^ lines are tangents 
to the ouive. 




2. FonaoUe oonneetuig Aiurles in Three Dimenilcms (useful in 

drawing wiring plates, etc.). — Ox, Oy, Oz, are three convenient 
reference lines mutually at right angles. OP is any line drawn 
through 0, 
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a, $,y tLK the incluiatioiis ol OP to the three reference lines 
Ox, Oy, Oz. 

6, •f', i/ KFe the " plan angles " on the planes yOz, zOx, and xOy 
reapeotively. 

(Or we can take the planes in pairs — e.g., xOy and yOz — and say 




m. 2f 



that f is the plan angle on the plane xOy and 6 is the elevation 
angle on the plane yOz, and so on.) 

(i.) Given two oj the three angles a, fi, y, to find the third. 

cos*a + oos'/3+ 008*7 = 1- 

(ii.) fi'tven two of the attglea a, 0, y, to find the true angles between 

OP and each of the planes xOy, yOz, zOx. 

(al Find the third angle out of a, j8,y, by (1), then— 
zOx=W-p 
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(iii.) ffiven a, fi, y, to find the projeOed angles 0, <l>, f. 

, OOB fl , COS T , COS a 

cos 0=—. — — COS * = -: i COS yll=—. . 

Bin o ^ BIB /J ' Bin 7 

(iv.) Given two ojthe angles 8, <)•• ^, to find the third. 

tan $ tan ^ tan ^ = 1. 
(v.) Given 6, <f., i//, to find a, ji, y. 

cot a = tan ^ Bin 0. 

oot/3=tau V'sin <^. 
cot y " tan ^ sin >^. 
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HIGH TENSILE STEEL WIRE AND CABLES 

Bt JOSEPH WILSON 
LienUDaDt B.A.F. (Air Coutmction Service) 

The place of wire in the construotioa of aiioioft combines, in 
its great importance, many considerationB which manufaoturers 
and consumeis alike have been pione to overlook in the hurry of 
development during the period covered by the Great War. It is 
therefore neoessaiy to examine such coneiderations as are worth 
while at the moment, and which may be of value in the future. 

Wire Drawing. — Undoubtedly one of the most ancient of 
handicrafts, and, like many euch, hedgebound in this commercial 
age by subtleties of tradition wellnigh akin to the buying and 
Belling of horses. Great is the manufacturer of wire who can 
boast in legitimate pride that he appreciates the true relativity 
of torsion to tensUitij, superior to the business principle. In 
this direction lies " the only way " to the production of a sound, 
usable, safe article. 

Raw Haterial. — Starting with the wire rod, from which all 
denominations of size or gauge are drawn, it is discoverable 
that many rod qualities are available from which wire can be 
produced up to any degree of tensility required. 

For instance, so-called high tensile wire can be manufactured 
from basic ateel, which, under ordinary test (a straight pull) 
would give a high tensile strain. But in order to attain tha 
the wire has had to be very severely punished in the pTocesaeb 
of drawing, and is extremely brittle, a condition which is not 
realized (unless the torsion demanded is relatively high and 
searching) until such wire is made up into rope form, when 
abject failure under ordinary shock stress at once results. This 
failure is the direct consequence of the wire having no ductility, 
or, say, quality. 

Slightly better than basic is the acid process steel rod. 

In this case the processes of drawing are not so drastic, but 
there is always the danger that the slight carbon content is 
subordinated by an element (sulphur-phosphorus) frequently 
encountered in all aoid steels. 

It follows, then, that, owing to the variant character of acid 
steel, proper relativity (tenacity and elasticity) caimot be relied 
upon in wire for high tensile duty. 
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The ideal material, from which are manufactured all wiieB 
required tor aircraft purposes, is the rod produced from the 
so-called " Swedish " ores, and which can always be relied upon 
to be absolutely pure. 

The Swedish ores contain, when mined, more than 65 per 
cent, of iron, either magnetic or hematite, or both, in intimate 
combinatifin with quartz, apatite, chlorite, and calcareous spar. 

To appreciate the wonderful purity of Swedish ore, which, it 
ifl of interest to know, is mostly mined within the confines of the 
Arctic Circle, the contrasting average percentage of iron found 
in rods for the rest of the ore-producing countries of the world 
is 38 per cent. 

The case, therefore, for the Swedish rod, no matter under what 
other name it might be called (" plough," etc.), ia unanswerable 
for the purpose of aircraft, whilst acid steels should only be used 
under the most careful conditions; and as for basic, its use 
should be made a penal ofience. 

It is rather a remarkable fact that the poorest of the Allies 
is, at the time of writing, using Swedish rods for the production 
of their aircraft wires, in spite of price and import difficulties. 

Torsion v. HaTdness. — Apart from official specified requirements, 
which in regard to torsion (ductility) are invariably low, the 
minimum number of torsions, or twists, for H.T, wire should be 
as follows: 



120 to 130 . . 34 twists per length of 100 diams. 
130 to 145 .. 32 
U5 to 160 .. 30 

This table is based upon actual working experience, and, 
whilst not being correct to official requirements, will be found to 
assist greatly in searching wire of the stated tonnages for brittle- 
ness. 

An important factor bearing upon this matter is the amount of 
hardness which the wire might have attained during the process 
of drawing. This point is iUuBtrated graphically in Kg. 1, which 
BhowB how hardness can be accentuated, and the wire corre- 
spondingly punished, by being " pushed " through its drawing 
stages, using only a minimum number of holes. 

This usage naturally affects ductility to such an extent as to 
practically eliminate any semblance to relative torsion — i.e., in 
the upper curve especially, which has advanced from 80 tons per 
square inch tensility, through six holes or drawii^ stages, and 
reaches the greatly enhanced tensility of 160 tons per square inch. 

The lower curve shows that by drawing the wire through suc- 
cessive easy stages — in this instance, twelve holes — the hardness 
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hae been iQcreaeed by an amount correBponding to an increase 
in tenacity of barely 10 tone per square incb over the minimum 
strain required. 

This latter is a range of hardness which is quite sufficient 
for any manufacturing purposes, and also provides for any 
qualitative variance in the rods. 




The result, as shown in the above diagram, can be applied 
to any quality of rod, starting from, say, 80 tons per square 
'uch. 

Drawing wire from rods of this quality should, if the drawing 
operations be properly prepared, as to number of sizes, or holes, 
or speed of drawing finished at not more than 130 tons per 
square inch, and similarly from rods of any lesser quality, and 
soon. 

Fig. 2 Ulustrates the foregoing in greater detail, and amply 
repays the keen student of wire for close attention. 

If the stresses which are set up during drawing could be kept 
within the range QA, then the elastic limit A would not be 
passed, and hardness not be encountered; if, however, the 
stresses produce a condition represented by the point B, some 
distanoe beyond the elastic limit, the material will then have 
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received a certain amount of permanent set — in other words, 
hardneBB has crept in, and the wire is said to be hard-drawn. 

On removing the load the Bpecimen assumes a oonditiau repre- 
sented by the point H — i.e., it has received a permanent set equal 
to &H. Similarly, if the load is carried to points C, D, B, and F, 
the material will be taking on more and more pennanent set, 
until finally the breaking- point, Q, is reached. 

A is the primitive elastic liniit, whilst B, C, D, B, and F, are arti- 
ficial elastic limits correeponding to different degrees of hardness. 

The condition of the wire intended for high duty ropes should 




uot lie beyond point D, and beyond this point the material 
becomes dangerously brittle. 

The dotted line shows the stress strain curve indicating the 
presence of over-hardness. 

SortiUK the Rods. — The careful manufacturer always sorts his 
rods when size has been reduced to, say, 13 or 13 S.W.G., as 
it is at this stage that rods can be detected for quality suf&cient 
for drawing to fine aizea. 

Poor rods are subsequently drawn down to nothing smaller 
than 0'036 diameter, whilst the good rods are set aside for sizes 
down to 0-076. Swedish rods will draw down to anything. 
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WhilBt on the subject of rods, it might be well to suggest that, 
with a proper ByBtem of analjrsis, the temptation whidi is ever 
present with a certain type of manafaotuier to puBb the whide 
of his rods through, inespeotive of quality, hard or soft, would 
be removed. 

Teetillg Win. — The chief importance in testing wire of the 
larger diameters is undoubtedly the bending and torsion test. 

The tensility can always be detected by the number of twists 
the wire rcMBts — i.e., few torsions, high tensility; many torsions, 
low tensility. 

Whenever the torsion is- low, greater watchfulness should be 
devoted to the bend test. 

Where torsion nears the minirn iim uimiber of twists specified, 
and tensile is near the maximum, suspect the wire for bend. 

In the smaller diameters the bend test is, of course, not de- 
manded, nor is it necessary, the specified tests being torsion only. 
An additional test can, however, be taken, especiul^ on cdls of 
fine wire which produce high tensility and low torsion. 

Take, for instance, a coil of wire, say O'OIO inch diameter, the 
specified break being 21 to 24 lb, ; the minimum number of twists 
required are 110 in a length of 4 inches. 

Actual tests may have resulted in the maximum tensility 
of 24 lb., and the torsion 110 twists only. 

When these conditions are encountered, a twelve-inch length 
of wire should be held firmly in the hands, and reversed in 
opposite directions, so as to form a loop, or bite, in the middle 
of the length, and then,by agentle, steady pull with each hand, thus 
applying a combined bea^ng and shearing stress, the wire, if 
bntde, will quickly fracture, whilst if sound the fracture comes 
slowly. With practice and a little observation brittleness can 
be at once " felt " where existent, and readily proven. 

By this simple method the writer has seen tensility guessed 
to within half a pound of the actual break. 

Table I., which follows, will be found useful in readily com- 
puting or breaking loads of all wire sizes now used in aircraft 
production. 

To carefully calibrate, the tensile machine should be a sine qua 
not), particularly before proceeding to test the smaller denomina- 
tions of wire, and, having done so, the elimination of slip in the 
box grips should have careful attention. 

During testing operations, manipulation of the adjusting 
screw at the foot of the, machine, which is sometimes necessary 
in taking up slip on elongation, should not be carried on after 
the jockey weight has traversed 50 per cent, of the load on the 
lever, as further adjustment at this stage tends to hasten the 
break. In this way much hard or brittle wire has been made to 
pass muster, by being dodged through the machine before in- 
spectors with both eyes open and observation shut. 
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Silt of 
Win. 


Breaking 
Load in 
PvuMb. 


Size<^ 


Breaki«g 
Load in 
Poanda. 


Si«<^ 
Wire. 


Breating 
Loadii 
Pound). 


0-0070 


0-0862 


0-0091 


0-1*55 


0-022 


0-8500 


0-0071 


0-0886 


0-0092 


0-1491 


0-023 


0-9300 


0-0072 


0-0911 


0-0093 


0-1526 


0-024 


1-014 


0-0073 


0-0936 


0-0094 


. 01565 


0-026 


1-100 


0-0074 


0-0966 


0-0095 


0-1591 


0-028 


1-188 


0-0075 


0-0990 


0-0096 


01626 


0-027 


1-280 


0-0076 


0-1015 


0-0097 


01655 


0-028 


1-380 


O-O077 


0-1042 


0-0098 


0-1691 


0-029 


1-480 


0-0078 


0-1080 


0-0099 


0-1725 


0-030 


1-680 


0-0070 


0-1100 


0-010 


01780 


0031 


1-700 


0<»080 


0-1126 


0-011 


0-2128 


0-032 


1-800 


0-0081 


0-1155 


0-012 


0-2530 


0-033 


1-930 


0-0082 


0-1183 


0-013 


0-2970 


0-034 


2-040 


0-0083 


0-1210 


0«14 


0-3448 


0K)35 


2-160 


0-0084 


0-1240 


0-015 


0-3960 


0-036 


2-300 


0<t086 


0-1275 


0-016 


0-4500 


0037 


2-400 


0-0088 


0-1295 


0-017 


0-6080 


0O38 


2-660 


0-0087 


0-1330 


0-018 


0-5700 


0-039 


2-700 


0-0088 


0-1360 


0-019 


0-6360 


0-040 


2-800 


0-0089 


0-1394 


0-020 


0-7000 






0-0090 


0-1425 


0-021 


0-7750 







(a) Required, the breakmg 
the breaking load of the win 
breaking load. 

Asanme Chat the wire is O-l 
glTea 0-7000 lb. 
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diajn«ter. Oppoaite 0-020 in the table ie 
Breaking BtreBS=^;^^ lb. per sq. inch. 
Tbns, if the breaking load given by the testing moobine is 70 lb.. 

Breaking fltreB9=jr;=gjr^=100 tons per sq. inch, 
(b) Given the tensile atreea required, to find at what load failnre should 

Assume that a tensile stress of 100 tons per sq. inch is required- 
Then, if the wire diameter is 0-008 inch., we tind opposite this Sgnre in 
the table the value 0-112e lb. 
Tbna, the breaking load is I00x0-1128 = ll'26 lb. 

Wire BopM and Cablet. — A gl&nce at Table II. will show the 
wide range of wire ropes now being used for aircraft, the larger 
sizes being for various field purposes. 

The construction adopted in each case is one giving Sexibility 
and ease of splicing, out other constructions are now being 
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adopted aa wider knowledge of roping comes to the designer, and 
thoae concerned with the production of aircraft. 

One of the chief requisites in a rope, whether it is intended for 
control or standing (bracing), purposes, is that the individual 
wires forming the strands shall be continuous, as far as possible; 
and where joints occur, such should be permanent in character, 
like, for inBtanoe, the Britannia joint used by electricians. 

Where wire ends are simply tucked into the body or core of the 
strand, and there are more than, say, three such joints in a length 
of twelve feet of rope, the length should be out out and destroyed. 

Within the writer's experience much carelessness in the 
manufacture of important control ropes unfortunately exists, 
and is chiefly expressed in the form of a vagrant wire laid up into 
a rope like a separate strand. This condition is caused by a short 
single wire, having been tucked while stranding, coming adrift 
from the strand whilst still in the machine during closing, and so 
laid into the rope. 

A vagrant wire being slack in lay might easily foul a control, 
either at the pulley or sheave, with disastrous results. The term 
" stranding ' indicates the process by which the single wires 
are formed into strands, and these strands are then put into 
another machine and " closed " into the finished rope. Sufficient 
lay, or twist, is given to the wires when being stranded to keep 
them nicely bundled, whilst the lay given during the " closing ' 
operation is designed to efiect flexibuity. A flexible rope has a 
short or quick lay, or many twists, whilst a non-Qexible rope 
has a long lay. 

Te>tiiiK Wire Rope. — The most efficient rope is one which 
weighs the minimum amount per unit load, and yet possesses 
sufficient toughness to withstand the shocks met with in practice. 
Tests should, as far as possible, seek to discover whether hrittle- 
ness exists in the rope, as this forma a disability which decides 
its future usefulness. It is therefore necessary, when cutting 
lengths from th^ coil for tensile tests, to take an extra piece, care- 
fully unwind a tew single wires, and feel for brittleness as formerly 
described, and if unsatisfactory, take torsion tests based upon 
the table given under " Wire." The bend test specified lor ropefl 
is also useful, and should never be omitted. 

The preparation of a length of rope for tensile tests is best 
arrajiged with metalled ends, instead of spliced loops, because, 
if the splice is not carefully made, the break will occur in the 
splice. For rough testing, a length of rope may be cut from the 
coil, and gripped in the testing machine. 

The proper preparation, however, is to have the ends metalled, 
and no test length should have a lesser breaking length than ten 
inches. Table 11. gives a range of ropes which practically includes 
the whole of the flexible order now being used for aircraft, and it 
should be noted that diameters and weights are approximate only. 
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Maximum 

Oinaan- 




Consiructirm of CaJile. 


Weight 
perUnglh 
of 10 Feet. 


isr 




Number 
Sirande. 


Wiru 

per 
Strand. 


Diam^er 
0} Wir^ 


Cwt. 


/neA«*. 


Inches. 






Inches, 


Ounces. 


6 


0'213 


0063 




7 


0-0076 




10 


0-345 


0-110 




14 


0-0084 




15 


0-445 


0-142 




19 


0-0092 


5 


20 


0-608 


0162 




19 


0-010 


6 


26 


0-560 


0-177 




19 


0-011 




30 


0-607 


0-193 


7 


19 


0012 


9 


36 


0-830 


0-201 




19 


0-013 


10 


AO 


0-86B 


0-213 




19 


0-014 


12i- 


45 


0-728 


0-232 




19 


0-015 


14 


SO 


0-756 


0-241 




19 


0-016 


16 














Pounds. 


6^ 


0-837 


0-26* 




19 


0-017 


1-25 


70 


0-864 


0-272 




19 


0-018 


1-25 


76 


0-906 


0-289 




19 


0-019 


1-35 


80 


1-016 


0-323 




19 


0-020 


1-46 


86 
< OO 

96 


1-031 


0-328 




IS 


0-021 


1-68 


1-062 


0<338 




i; 


0-022 


1-8 


Totm. 














6 


1-094 


0-349 




19 


0-023 


1-96 


5i 


1156 


0-368 




IS 


0-024 


2-13 


6 


1-1875 


0-378 




27 


0-021 


2-25 


1-219 


0-388 




27 


0-022 


2-63 


71 


1-25 


0-398 




37 


0-019 


2-63 


8 


1-3126 


0-418 




37 


0-020 


2-89 


9 


1-375 


1-437 




37 


0-021 


3-08 


10 


1-437 


0-457 




37 


0-022 


3-49 


11 


1-50O 


0-478 




37 


0HK3 


3-81 


12 


1-594 


0-508 




37 


0-024 


4-15 



OenentL — Coils of approved ropea skould be carefully inapected 
for loose or vagrant wires, and for multiple joints; the crown, 
or outside wires, visualized for frictional wear, caused by the 
high speeds at which some makers close ropes. 

Splicing of control ro])es should be long, and " over-and-under " 
method of apljoe employed. The so-called " Liverpool " spiioe 
ia more shapely, but less secure. A splice should never be served 
or covered before inspection, and there must always be a mininsuna 
of four and a half turns in a spliced length. 

Thimbles should be tight in the loop, especially at the crown, 
and must be correct to width, suited to the diameter of the 
rope. 
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Steel shackles must engage the tliimbles easily, and should 
roll comfortably when fitted. 

The thick bottom ends of shaokleB should be nicely rodiused, 
otherwise there is a tendency to cut the thimble and rope, and 
consequent fracture. Pulleys and sheaves should be as large 
as possible. y 

Never take a tope on trust, no matter by whom approved ot 
manufactured. 
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AMERICAN WIRE AND CABLE 
STANDARDS* 

The following extracts from the report of the U.S. Advisory 
Committee for Aeroplane Material, Specifications, and Inapection 
were recommended tor standardization at the Washington meet- 
ing of the Society of Automotive Engineers: 

Aircialt Botmd Wire. 

This specification covets solid high strength steel wire, round 

section, used in the construction of aircraft when flexibility is 

of minor importance. A tension test is to be made on each 



Taslb op Physical Pkofsbtihs fok AlRCRATt Rochd Wibb. 


Broim 






WtigU 


Ifumber 


Breaking 
Slrtngth, 


and 


Diameter 


Minimum 
roreim 


in Pounds 


ofBendt 


Sharpt 


{Inch^). 


per 


through 


Minimum 


a^^e. 


for 6 Inch. 


100 FeO. 


90Desree4. 


Pounds. 


6 


0162 


11 


7-01 


5 


4.500 


7 


0-144 


12 


7-01 


6 - 


3,700 


8 


0-128 


14 


4-40 


S 


3,000 


9 


0114 


16 


3-50 


9 


2,500 


10 


0-103 


18 


2-77 


U 


2,000 


11 


0-090 


21 


2-20 


14 


1,620 


12 


0-081 


24 


1-744 


17 


1,300 


13 


0-072 


27 


1-383 


21 


i;040 


U 


0-064 


31 


1-007 


2G 


830 


IC 


OK)67 


34 


0-870 


29 


660 


16 


0-051 


39 


0-690 


34 


540 


17 


0«46 


44 


0-547 


42 


425 


IS 


0-0*0 


49 


0-434 


52 


340 


19 


0-036 


65 


0-344 


70 


280 


20 


0-032 


81 


0-273 


SS 


22S 


21 


0-028 


70 


0-216 


105 


176 



piece or coil of wire. When an individual coil of wire is to be 
divided into smaller coils to meet special requirements it is 
sufficient to make one test on the original coil and to cut and 
seal the smaller coils in the presence of the inspector. Samples 



• Eeprodnoad from The Aeroplane. 
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for tension teat Bh&U be no leas than 15 inchea long, and free from 
bends and kinka. 

In making tensile tests on aircraft wire the distance between 
jaws of testing machine with sample in place and before test 
shall be 10 inches. Wire for this purpose must break at no less 



AreCIUFT ClAl.VAiniBD SlNOLB STKAHS CiBLB. 


(Nm-fleiible.) 


Dianuier of 
llnchu). 


Numbir of 
Wiru. 


Brtaking Strength 


A pproximMe Weight 

{Pounds per 100 

Feel). 


^ 




12,600 


20-66 








13- SO 






6,100 


10-00 






4,600 


7-70 






3.200 


6-80 






2,100 


3-60 






1.600 


2-60 


A 




1,100 


1-75 






780 


1-21 


■ft 




600 


0-78 


A 


' 


186 


0-30 



'than the amount speoified in the attached table, which herewith 
becomes a part of this specification. 

A torsion test is to be made on a sample out frcon each piece 
or coil of wire as above. Samples for torsion tests shall be 
straight and no less than 10 inches long. The sample shall be 
gripped bj two vices 6 inohes apart; one vice shall be turned 



AntcBArr Galtanimd Multiflb Cablb 6x 7* Cotton Centbb. 






(Flexible.) 




Diameter of CabU 


firfol 


ng Strength of Cable 


Apprarimale Weight 


(/«*«). 






{Founds per 100 Fetl). 


^ 




7.900 


1600 


k 




5,000 


9-60 




4,000 


7-43 






2,750 








2,200 








1,160 


2-20 






830 


1-60 


A 




780 


1-30 






480 


0-83 


A 




400 


0-73 



* Six atrandi of asTSD vires Moh. 
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uniformly at a speed not exceeding 60 ^-P-ni. (on the larger sizes 
fit wire this speed shall be reduced sufficiently to avoid undue 
heating of the wire). One vice shall have free axial movement 
in either direction. All wire shall be required to stand the 
minimum number of complete turns shown in the first table. 

Bbels tor ArocBAn Stkans aht Cablb. 
{All Dimeiuioaa in Inches.) 



Diamtier 




Travtru 




Dia- 
meter 
Arbor 
Hole. 




Travtree 






<4 


Dia- 




Dia. 


Oia- 




Dia- 


Diameter 


Slntnd 




Distance 






Digtartce 




Arbor 


or 


Rtad 


bduTUn 


BtT 


Head. 


betvtan 


m. 


BbU. 


Cablt. 




Htadt. 






Head,. 






1,000 Fat. 


3.000 Fett. 


A 


12 


4 


e 


li 


12 


4 


8 


It 




12 


4 


6 


■i 


12 


4 


3 


H 




12 


4 


8 




18 




10 


1? 




12 


4 


8 




16 


4 


10 


1 




18 


4 


10 




16 


7 


12 




16 


4 


10 




16 


7 


12 


1 




16 


7 


12 




16 


10 


8 


1 
I 




16 


7 


12 




16 


10 


8 




18 




12 


4 


18 


10 


8 


2 




18 




12 


2i 


18 


10 


8 


2 


i 


18 


10 


10 


H 


24 


10 


10 


2 
2 


A 


IS 


10 


10 


aj 


24 


10 


10 


» 


18 


10 


8 


^ 




16 


16 


2 
2 




18 


10 


8 


H 


32 


16 


16 




5 


000 Feet. 






10,000 Feei. 


I*! 


12 


4 


8 




16 


4 


10 


1* 


■^ 


16 


4 


10 




16 


4 


12 


11 




16 


7 


12 




16 


10 


8 




16 


' 


12 




16 


10 


8 


1 




16 


10 ' 


8 


i 


18 


10 


8 




16 


10 1 


8 


1} 


24 


10 


10 






24 


10 ' 


10 


1 


24 


16 


10 


2 


A 


24 


10 1 


10 




24 


16 


10 


2 


A 


%i 


10 I 


10 


•* 


24 


16 


10 


2 


A 


24 


10 1 


10 ■ 


2 


33 


20 


16 


3 




32 


18 ! 


16 


2 


36 


22 


18 


3 




32 


18 


16 


H 


36 


22 


IS 


3 




32 


20 


16 


3 


60 


10 


26 


3 
3 


' 


32 


20 


16 


4 


50 


16 


26 



e reels, allow 1 inoheB more width thui the 
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A bend test is to be made on a sample out from each piece 
of wiie as above. Sample for bend test shall be straigbt and 
no less than 10 inches long. One end of the sample shall be 
clamped between jaws having their upper edges rounded to 
A inch radius. The free end of the wire shall be held loosely 
between two guides and bend 90° over one jaw; this is to be 
, counted as one bend. On raising to a vertical position the 
count will be two bends. Wire shall then be bent to the other 
side, and so forth, alternating to fracture. The minimum 
number of bends required is stat^ in the table. 

A wrapping test is to be made on at least 10 per cent, of the 
total number of coils odered for inspection at one time. The 
wire shall be tightly wrapp^ eight consecutive turns around 
its own diameter with a pitch of substantially the diameter of the 



Diamiter cf Cable 


Breaking Strenfh o} CaUe . 




(Inchu). 


{P«.«A 


ptr 100 Fut). 


A 


9.200 1 




10-70 


t 


5.800 




lO'SO 


A 


4.aoo 1 




8-30 


A 


3,200 1 




5-80 


A 


2,eoo 




4-67 




1.3B0 




2-4S 




970 




1-75 




920 




1-45 




5fl0 




0-93 


A 


480 




0-81 



wire and then unwrapped, maintaining the free end at approxi- 
mately 90° with the mandril. 

It must stand this test without fracture. Because of the 
possibility of personal error in making this test, failure on one 
test is not considered conclusive, and, if requested to do so, the 
inspeotor shall make at least one but no more than two additional 
tests on the same piece of wire. If any of these testa are successful 
the material shall be passed as satisfactory in this respect. 

All wire for this purpose shall be furnished in decimal sizes 
corresponding to the American Standard Wire Gauge (Brown 
and Sharpe Gauge). The wire shall be cylindrical and smooth 
and show no evidence of scapes, splints, cold shuts and rough 
tinning, not conforming with best commeroial practice. A 
permissible variation of 0-002 inch above gauge on all siies will 
be acceptable, but no wire will be accepted having a variation 
of more than 0-0005 inch below gauge. 

* Seven Btraudi of Beven wires each. 



by Google 



THE AEROPLANE HANDBOOK 



Single Strand, Multiple Strand 6 x 7, 7 x 7, and 7 x 19. 

A teoeile test shall be made upon each individual reel of 
cable for shipment containing 10,000 feet or more. On shipments 
of reels of cable containing less than 10,000 feet, each test shall 
be made for each 5,000 feet of a size. The tension testing machine 
shall be of a type aatiafactoty to the representative of the U.S. 
Government, and shall be standardized with U.S. Standard 
Weights when considered necessary. Samples of cable for testing 
for tensile strength shall be no less than 24 inches long. In making 
tensile tests the distance between jaws of testing machine with 
sample in place and before test shall be no less than 10 inches. 
Samples for tensile teat may be clamped in the jaws of the testing 
machine in the usual manner to facilitate speed of testing, but in 
case of failure or dispute on individual teste, and at the request 



Diameter of Cahle 


Breaking Slrength of Cable 


Approximate Weight 


{Inches). 


(Pounda). 


{Pmiwle per 100 Feet). 


I 


14.400 


3e'46 


H 


12,600 


22-53 


•ft 


S.800 


17-71 


A 


8,000 


14-56 


i 


7.000 


12-00 


X 


6,600 


9-50 


A 


4,200 


6-47 


A 


2,800 


4-44 


? 


2,000 


2-88 



of the manufacturer, check tests shall be made by socketing the 
samples with pure zinc. Cables for use in the construction of air- 
craft must break at no less than the amount specified in the attached 
table. 

At least one bending test is to be made on a sample cnt from 
each 50,000 feet of cable of a given size. Each sample must be 
bent once around its own diameter and straightened again at 
least 30 times in succession in the same direction of bending 
without any of the wires breaking. 

A torsion teat is to be made on one wire from each sample 
of cable taken for tensile test. The wire is to be gripped by 
two vices i inches apart ; one vice shall be turned unifornuy at as 
high a rate of s^eed as possible without perceptibly heating 
the wire. One vice shall have free axia) movement in either 
* Seven strandB of nineteen wires each. 
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direction. The number, N, of whole turns through which the 
wire must stand twisting is given by the fonnulo — 

where d equals the diameter of the wire in inches. Failure 
of one piece of wire to show full number of turns specified in 
the above torsion teat shall not be considered cause for rejec- 
tion, but in each case two additional tests shall be mode on two 
more wires from the same sample of cable, and if both samples 
meet the requirements of the specifications the strand shall be 
accepted in this respect. 

No variation is permissible below nominal diameter. Cable 
havine a diameter of y^ to ^ inch inclusive shall have a pei- 
missible variation of 10 per cent, above size, and cable having a 
diameter of ^ to f inch inclusive shall have a permissible variation 
of 7 per oent. above size. 

Proteotive Coatings lor Hetali. 

The Aeionauttcal Division of the Standards Committee of the 
8.A.E. is now engaged in a study of the various kinds of anti-nut 
treatment of metals. This subject is exceedingly important 
at present, on account of the need for protecting many of the 
bolts, nuts, and fittings used on aircraft from the action of the 
elements. It is planned to secure as many samples as possible 
of treatments, making use of chemical or heat methods, oi a 
combination of the two, for protecting metals. 
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ALLOWANCES FOR BENDING SHEET 
METAL* 

By RANDOLPH F. HALL 

It IB an important point in the design of fittings to make correct 
allowances for bendB in sheet metal. The writer, together with 
B. D. Thomas, has carried out a number of measuiements on 
bends round a 1 inch square bar, and the results are embodied 
in the chart of Fig. 1 on lengths measured along the neutral azis. 




A number of strips, 18, 16, 14, end 12 gauge sheet-steel, were 
bent over a 1 inch square 8teel*bar, with corners rounded in each 
case with the radius equal to the thickness of the metal. Had 
no allowance been required for bending, the ends of the strip 
would have met in the centre of a face of the bar; but instead a 
gap resulted, which, divided by four, gave actual allowance for 
one bend. The allowances required per bend were between 
* Reprodnced from The Aeroplam. 
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thirty-three hundredth and thirty-eight hundredth times the 
thickness of the metal, and the meas of ten difierent tests con- 
firmed the allowauces computed on the neutral axis. From these 
experiments the curves of the above diagram were deduced, 
allowances for angles less than 90° being mEide proportionately. 
Results in the factory verify the chart- If the corners are 
hammered flat, less allowance ia required, but the fitting is 
weakened. 
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THE VIBRATIONS METHOD OF 
TUNING-UP* 

By INGEGNEEE CAELO MAUEILIO LEEICI 

In th6 workshopB for aeronautical construction of the Societi 
Italiana Aviazione (F.I.A.T. Co., Turin), ae well as in several 
other aeroplane factories, a new method for regulating machines 
was first successfully introduced about a year ago. 

This method utilizes the well-known phenomena of vibratory 
resonance for measuring the tensions of ehrouda — cables and 
wires — and enables, therefore, the operator to " tune up " the 
machine with a precision and constancy which cannot be reached 
by the empirical proceedings atill in use in moat factories. 

The consequences of a wrong regulation — namely, lack of 
symmetry and excessive bracing tensions — are too well known 
for being insisted upon. 

It is sufficient to remember how the low safety factor of 
modern machines may be influenced by an inaccurate tuning. 
The deformations of wood elements, due to excessive initial 
compressive sttessea as well as the wrong straining of bracing 
wires, are often responsible for a decrease of 15 to 20 per cent. 
of the safety factor. This is confirmed by the results of static tests 
carried on body-cellules of several up-to-date machines of various 
types. 

The " vibrations method " makes use of a simple frequency- 
meter, by means of which the frequency of vibration of a 
straightened wire can be easily measured. This value is propor- 
tional to the tension according to the formula — 

9 
T'- tension. 

2= length of vibrating wire, 
w= weight per unit of length. 

3= acceleration of gravity- 
n=frequency (vibrations per second). 

Thus the tension is equal to Kn\ K being a constant for any 
given cable or wire. 

■ Reprodaoed from Tht Aeroplant. 
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The frequeQcy-ineteT, whicli ftots really as a vibrations tension- 
meter, is made up of a series o( small steel plates of various 
lengths, which are damped at one eztrenuty. (See Fig. 1 (i) 
acoompanying illustxation.) 

If one places the support of the metet in light contact with a 

ThtR^ulalunoftBipliK.Ctll uUb l^t ViduUgnl Kitkod 




wire which has been set in vibiation, the plate, the uatiiral period 
of which approaches that of the wire, will soon assume a distinct 
state of vibration. 

If the instrument includes plates of frequencies from n to n' 
vibrations, »' being greater than 2n, resonance will occur simul- 
taneoiisly with two or three plates. 
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This Gonesponds to the fact that a loaded wiie can set in 
vibration plates whose periods of oscillation are n, 2», 3n, eto., 
according to the frequencies of the haimonios of the vibrating 
wires. 

In ordei to measure the tension one must con^der only the 
fundamental vibration of lesser frequency n. 

It was found that for the regulation (tuning-up) of all modern 
biplanes, including recent types, a aeries of plates comprising the 
frequencies from 26 to 50 per second is sufficient. All uncertainty 
due to multiple resonance is thus eliminated. 

The error due to the presence of turnbuokles is about 3 per 
cent, in exoeae. 

It was found also possible, in the course of destructive testa of 
new types of aeroplanes, to follow quickly the distribution of 
tensions in all the wires, and to determine irregularities which 
oaloulations did not predict. 

The vibrations tension-meter allows, furthermore, to recognize 
all the elements (struts, cables, and wires] which are capame of 
being influenced during flight by resonance with the motor, the 
fundamental frequency of which ia of the order of 22-25 per 
second (1,300 to 1,600 revs, per minute). 

A practical example will evidence better than any detailed 
description the proceeding for regulating a biplane cell with 
the new method. 

The drawings show — 

(a) The framework of a 250 h.p. pusher biplane; the dia- 
meters of cables and wire and their " vibrating length," as 
measured between terminals. 

(b) The tensions required in both cases toi a machine at rest 
and one suspended for static test. Such tensions were deter- 
mined, of course, with the view of allowing the best distribution 
of stresses under load. 

(c) The frequencies of vibration of all the tension elements 
determined either by means of the formula mentioned above, or 
empIo3ing a graphac diagram showing the relations existing 
between the variables T, n, I, w. The number of the meter 
plates whose frequencies are equal to that of the wires. 

(d) The diagram of a seven-plate tension -meter for both 
cases. 

To employ the vibrations tension-meter, the wire must be free 
to vibrate between its terminal attachments. 

Alter having set up the vibration, the meter support is placed 
in slight contact with one extremity of the vibrating strand. 
If the "resonating" plate is that corresponding to the tension 
required, a further regulation is not needed. 

Otherwiae the resonance of a smaller plate (higher frequency) 
indicates excessive stress, while that of a greater one (lower 
frequency] indicates, on the contrary, lack of tension. 
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When the " taning " of a strand is liable to influence the tension 
of another elemeot the latter must be, if seoessary, tuned a 
second time. 

In the factories where this method is in use the tension- 
meter is accompanied merely by a simple diagram analogous to 
that (c) of the drawing. 

The time required for the complete timing of a 200-500 h.p. 
modem biplane ranges from 10 to 20 minutes, according to the 
size and to the approximation of the primary regulation. 
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Abroplanb Testing. 

-THB'Scciii'stetetrting of aeroplanes is one of the many bianches 
-:<rf»eraMT}ticp vhiish'-have been greatly developed during the war, 
' laoS-PspGciaUy during the last year. For some months after the 
war began, a climb to 3,000 to 5,000 feet by aneroid and a nut 
over a speed courae was considered quite a sufficient test of a 
new aeroplane; now we all realize that for military reasons 
certainly, and probably for oonmiercial reasons in the future, it is 
the performance of a maohlne at far greater heights with which 
we are mainly concerned. 

In this paper 1 propose to give a short general account of some 
of the methods of testing now in use at the Testing Squadron of 
the Royal Air Force, and to indicate the way in whiob results 
-of actual tests may be reduced, so aa to represent as aoouiately as 
possible the performance of a machine independently of abnormal 
weather conditions, and of the time of the year. 

So far as England is concerned, I believe that the general 
principles of what may be called the scientific testing of aero- 
planes were first laid down at the Boyal Aircraft Factory. Onr 
methods of reduction were based on theirs to a considerable ex- 
tent, with modifications that were agreed upon between us; they 
have been still further modified since, and recently a joint dis- 
ouBsion of the points at issue has led to the naval and military 
tests being co-ordinated, so that all official tests are now reduced 
to the same standard. 

It should be empha«zed that, once the methods are thought out, 
scientific testing does not really demand any high degree of 
scientific knowledge; in the end, the accuracy of the results 
really depends upon the pilot, who must be prepared to exercise 
a care and patience unnecessary in ordinary flying. Get careful 
pilots, whose judgment and reliability you can trust, and your 
task is comparatively easy; get careless pilots, and it is im- 
possible. 

At the outset it may be useful to point out by an example the 
nature of the problems that arise in aeroplane testing. Suppose 
that-it is deared to find out which of two wing sections is most 

• From k leotore by Captain H. T. Tisard; reproduced from Tht 
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suitable for a given aeiopUne. The aeroplane ia tested witt one 
set of wings, which are then replaced hy the other set, and the 
tests repeated some days later. The resultB might be expressed 
thus: 





A Wing*. 


BWingt. 


Speed at 10,000 feet 


90m.p.h. 


93 m.p.h. 


Bate of climb at 10,000 feet . . 


350ft.amiQute. 


300 ft. a minute. 



Now, the intelligent designer knows that, firstly, an aneroid 
may indicate extremely misleading " heights," and, secondly, that 
even If the actual height above the ground is the same in the two 
tests the actual conditions of atmospheric pressure and tempera- 
ture may have been very different on the two days. 

He will, therefore, say, if he ia an intelligent designer, as all 
British designers are now. What does that 10,000 mean ? Do 
you mean that your aneroid read 10,000 feet ! or do yon mean 
10,000 feet above the spot you started from, or 10,000 feet above 
sea-Ievel ? If he proceeds to think a trifle further, he will say — 
What was the density of the atmosphere at your 10,000 feet i 
Was it the same in the two teats ? If not, the results do not 
convey much. 

There he will touch tbe keynote of the whole problem, for it , 
is on the density of the atmosphere that the whole performance 
of an aeroplane depends; the power of the engine and the efficiency 
of the machine depend essentially on the density; the resistance 
to the motioti of the machine through the air is proportional 
to the density, and sofinallyia thelift on the winga. None of these 
properties are proportional aol ely to the pressure of the atmosphere, 
Dut to the density — that is, the weight of air actually present in 
unit v<rfume. 

It follows that it is essential when comparing the performances 
of machines to compare them as far as possible under the same 
conditions of atmospheric density, not as is loosely done at the 
same height above the earth, since the density of the atmo- 
sphere at the same height above the earth may vary con- 
siderably on different days, and on the same day at different 
places. 

At the same time, in expressing the final results, this principle 
may be carriftd too far. Thus, if the speed of a machine were 
expressed as 40 metres a second at a density of 0-8 kilogramme 
per oubio metre, the statement, though it may be strictly and 
scientifically accurate, will convey nothing to 99 per cent, of those 
directly concerned with the results of the test. 

The result is rendered intelligible, and indeed useful, by the form 
" 90 m.p.h. at 10,000 feet," or whatever it is. With this form of 
' statement, in order that all the statements or results may be 
consistent and comparative, we must be careful to mean by 
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" 10,000 feet " a certain definite density, in fact, the average 
density of the atmosphere at a height of 10,000 feet above mean 
sea-fevel. This ia what the problem of " reduction " of tests boils 
down to; what is the relation between atmospheric density and 
height above sea-level f This knowledge is obtained from mete- 
orological observations. We have collected all the available data 
— mostly unpublished — with results shown in the following 
table: 

TABLE L 



HRAH ATMOSPHBWO PkBS9VRB, THMPBRATimB, AND DsSBrTY AT ViWOCB 




Hbobis abovs Sea-Lbvbi. 










Mean 


Mtan Dentils 


Htigbl 


Hagia in 


Mean 








EquivaleiU 


Prusan in 


Ab»ol«te 




KOometrei. 


Ful. 


MiaOam 


Degrea 

Ceniigntde. 


verCvbie 

Metre. 








1,014 


282 


1-253 




3,280 


900 


278 


1-128 


2 


6,660 


795 


273 


1-014 


3 


0,840 


699 




0-900 


4 


13,120 


615 




0-818 


6 


18.400 


588 


265 


0-735 


6 


1S,680 


469 


248 


0-668 


7 


22,960 


407 


241 


0-689 



These are the mean results of a lot^ series of actual obser- 
vations made mainly by Dr. J. 8. Dines. It is convenient to 
choose some density as standard, call it unity, and refer all other 
densities as fractions or percentages of this " standard density." 
We have taken, in conformity with the E.A.F., the density of dry 
air at 760 mm. pressure and 16 deg. of Centigrade as our standard 
density ; it is 1-221 kgm. per cubic metre. The reason this 
standard has been taken is that the air speed indicators in use 
are so constructed as to read correctly at this density, assuming 
the law — 

where F is the air speed, p the pressure obtained, p the standard 
density. 

In some ways it would doubtless be more convenient to take 
the average density at sea-level as the standard density, but it 
does not really matter what you take so long as you make your 
units quite olear. Translated into feet, and fraction of the standard 
density, the figures in the above table become as in Table II. 

Let us briefly consider what these figures mean. For example, 
we say that the density at 10,000 feet is 74 per cent, of our 
standard density, but it is not meant that at 10,000 feet above 
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meaa sea-level the atmospheric density will always be 74 per 
cent, of the standard density. Unfortunately for aeroplane tests 
this is far from true. 

The atmospheric density at any particular height may vary 
considerably from season to season, from day to day, and even 
from hour to hour; what we do mean ia that if the density at 
10,000 feet could be measured every day, then the average of 
the results would be, as olosely as we can tell at present, 74 per 
cent, of the standard density. 

The above table may therefore be taken to represent the 
conditions prevailing in a " normal " or " standard " atmosphere, 
and we endeavour, in order to obtain a strict basis of comparison, 
to leduce all observed aeioplane performances to this standard 

TABLE II. 



2.000 
3,000 
4,000 



Deruitg. 

11,000 71-7 

12,000 ., ... 6«-5 

•13,000 87-3 

14,000 66-3 

13,000 63-0 

18,000 61-1 

•16,600 60-1 

17,000 SQ-l 

18,000 57-1 

19,000 60-2 

20.000 53-3 



atmo^here — i.e., to express the final results as the performance 
which may be expected of the aeroplane on a day on whioh the 
atmospheric density at every point is equal to the average density 
at the point. Some days the aeroplane may put up a better per- 
formance, some days a worse, but on the average, if the engine 
power and other characteristics of the aeroplane remain the same, 
its performance will be that given. 

It must be remembered that a standard atmosphere is a very 
abnormal ooourrence; besides changes in density there may occur 
up and down air currents which exaggerate or diminish the per- 
formance of an aeroplane, and which must be taken carefully 
into account. They show themselves in an otherwise unaccount- 
able increase or decrease in rate of climb or in full speed flying 
level at a particular height. 

* 6,S0O feet is introduced u oorraspondiog roaghly to the French teat 
^ height of 2,000 lustrea, 10,000 feet euniUrly cortesponds roughly to com. 
* puiuft aeropliute test performancw with the French etandard of 3,000 metr«», 
and sirailarlf for 13,000 tmd 16,500 feet. 
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ACTDAL TebtB. 

We now pass to the actual tests, begmning with a deBcription 

of the obaeivations which have to be made, and thereaftei to the 

instmmentB neoeesary. The tests resolve themselves mainly 

into — 

(a) A olimbiug test at the maximum rate- of olimb for the 

machine. 
(6) Speed tests at various heights from the " ground," or 
some other agreed low level, upwards. 

Experience agrees with theory in showing that the best climb 
is obtained by keeping that which is frequently called the air speed 
of an aeroplane — viz., the indications of the ordinary air speed 
indicator- — nearly constant, whatever the height. {In other words, 
p F* ia kept constant.) We can look at this in this way : 

There is a limiting height for every aeroplane, above which 
it cannot climb; at this limiting height, called the " ceiling " of 
the machine, there is only one speed at which the aeroplane will 
fiy level; at any other air- speed higher or lower it will descend. 

Suppose this speed be 56 m.p.h. on the air speed indicator. 
Then the best rate of climb from the ground is obtained by keep- 
ing the speed of the machine to a steady indicated 55 m.p.h. 

Fortunately, a variation in the speed does not make vety much 
difference to the rate of climb; for instance, a B.E.2c with a 
maximum rate of climb at 63 m.p.h. climbs just as fast up, say, 
to 5,000 feet at about 68 m.p.h. This is fortunate, as it requires 
considerable concentration to keep climbing at a steady aii speed* 
especially with a light scout machine; if the air is at all " bumpy," 
it is impossible. 

At great heights the air is usually very steady, and it is much 
easier to keep to one steady aii speed. 

Bats of Cuhb. 

It is often difficult to judge the beat climbii^ speed of a new 
machine; fliers differ very much on this point, as on most. The 
Testing Squadron, therefore, introduced some time ago a " rate 
of climb ' indicator, intended to show the pilot when he is 
climbing at the maximum rate. 

It consists of a thermos flask, communicating with the outer 
air through a thermometer tube leak. A liquid pressure gauge 
of small bore indicates the diflerence of pressure between the 
inside and outside of the vessel. Now, when climbing, the at- 
mospheric pressure ia diminishing steadily; the pressure inside 
the thermos flask tends, therefore, to become greater than the 
outside atmospheric pressure. It goes on increasing until air is 
being forced out through the thermometer tubing at such a rate 
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that the rate of ofaange of ptesaure inaide the flask is equal to 
the rate of ehange of atmospheno pressuie due to olimbing. When 
climbing at a maximum rate, therefore, the pressure inedde the 
thenuos Qask is a mazimiim. The pilot, therefore, varies his air 
speed until the liquid in the gauge is as high as possible, and 
this is the best climbing speed for the machine. 

BKDUtrnoN to Stasdard. 

What observations during the test are neceSBaiy in order that 
the results ma^ be reduced to the standard atmosphere il Firstly, 
we want the tmie from the start read at intervals, and the height 
reached noted at the same time. Here we encounter a diffioulty 
at onoe, for there is no instrument which records height with 
accuracy. 

The aneroid is an old friend now of aeronauts as well as of 
mountaineers, but it is doubtful whether I per cent, of those 
who use it daily realize how extraordinarily rare it is that it ever 
does what it is supposed to do — that is, indicate the correct height 
above the ground, or starting- place. 

The faults of the aeroplane aneroid are partly unavoidable and 
partly due to those who first laid down the oonditio&B of its manu- 
lacture. An aneroid is an instrument which in the first place 
measures only the pressure of the surrounding air. ^ow, if pj 
and Pf are the pressures at two points in the atmosphere, the 
difference of height between these points is given very closely 
by the relation, 

where 9 is the average temperature, expressed in " absolute " 
degrees, of the air between the two points. 

It is obvious that, if we wish to graduate an aneroid in feet, 
we must choose arbitrarily some value for B. The temperature 
that was originally chosen for aeroplane aneroids was 50 degrees 
Fahrenheit or 10 degrees Centigrade. 

The DsF£cnvB Aneroid. 

An aneroid, as now graduated, will therefore only read the 
ioorrect height in feet if the atmosphere has a uniform tempera- 
ture of 50 degrees Fahrenheit from the ground upwards, and 
it will be the more inaccurate the greater the average tempera- 
ture between the ground and the height reached differs from 
60 degrees Fahrenheit. 

Unfortunately 50 degrees Fahrenheit is much too high an 
average temperature; to take an extreme example, it is only on 
the hottest days in summer, and even then very rarely, that the 
average temperature between the ground and 20,000 feet will 
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be as high as 50 degrees Fahrenheit. On these very rare occa- 
aions an aneroid will read approximately correctly at high alti- 
tudes; otherwise it will always read too high. In winter it may 
read on cdd days 2,000 feet too high at 16,000 feet— -i.e., it will 
indicate a height of 18,000 feet when the real height is only 
16,000 feet. It is always necessary, therefore, to " correct " thft 
aneroid readings for temperature. This is very disappointing to 
the pilot who thinks he has been up to 20,000 feet on a cold day 
and finds he has only been to 17,900 feet. The equation 



gives us the necessary correction. Here H is the true difiereaoe 
in height between any two pmnts, t the averf^e temperature in 
degrees Centigrade between the points, and h the d^erence in 
height indicated by anenud. It is convenient to draw a curve 
showing the necessary correction factors at different temperatures, 
scMne of which are given in the following table: 

TABLE IIL 
Akiboid CoBBBunoN Factobs. 

■fb'Fahr. 1-040 

50° , I-OOO 

30° o-oei 

10° 0-fl23 



For example, if a climb is made through 1,000 feet by aneroid, 
and the average temperature is 10 degrees Fahrenheit, the actual 
distance is only 1,000x0-922 = 922 feet. The above equation is 
probably quite accurate enough for small differences of height — 
up to 1,000 feet, say — and approximately bo for bigger differences. 

The magnitude of the correction which may be necessary shows 
how important it is that observations of temperature should be 
made during every test. For this purpose a special theimometet 
is attached to a s'trut of the machine, well away from the fuselage, 
and so clear of any warm air which may come from the engine. 
The French, I believe, do not measure temperature, but note the 
ground temperature at the start of a test, and assume a uniform 
fall of temperature with height. 

This, undoubtedly, may lead to serious errors. The change of 
temperature with height is usually very irregular, and only be- 
comes fairly regular at heights well above 10,000 feet. It is not 
safe to assume a 3-degree drop in temperature per 1,000 feet/ 
as some test stations do. 
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The Real Test. 



The aneroid being what it is, one aoon comes to the conclnBJon 
that the only way to make use of it in aeroplane tests is to treat 
it purely aa a pressure instrument. For this reason it is best to 
do away with the zero adjustment for all test purposes, and lock 
the instrument so that the zero point on the height scale oorre- 
fpouda to the standard atmospheric pressure of 29-9 inches, or 
760 mm. of mercury. Every other height then corresponds to 
definite pressuie; for instance the locked aneroid reads 5,000 feet 
when the atmoapheric pressure is 24-88 inches, and 10,000 feet 
when it is 20-70 inches, and so on. 

If the temperature is noted at the same time as the aneroid 
reading, we then know both the atmospheric pressure and tem- 
perature at the point, and hence the density can be calculated, 
or, more conveniently, read off curves drawn for the purpose. The 
observations necessary (after noting the gross aeroplane weight 
and net or useful weight carried) are, therefore, (i.) aneroid height 
every 1,000 feet; (ii.) time which has elapsed from. the start 
of the climb; and (iii.) temperature. To these should be added 
also (iv.) the air speed, and (v.) engine revolutions at frequent 
intervals. Petrol consnmption is also noted. 

The observed times are then plotted on squared paper against the 
aneroid heights and a curve drawn through them. From this 
curve the rate of climb at any part (also in aneroid feet) can be 
obtained by measuring the tangent to the curve at the point. 
This is done for every 1,000 feet by aneroid. 

The true rate of climb is then obtained by multiplying the 
aneroid rate by the correction factor corresponding to the observed 
temperature. These true rates are then plotted afresh against 
standard heights, and from this curve we can obtain the rates 
of climb corresponding to the standard heights, 1,000, 2,000, 
3,000, etc. Knowing the change of rate of climb with height, 
the time to any required height is best obtained by graphical 
integration. Table IV. (p. 110) gives the results of an actual 
test. 

At least two climbing tests of every new machine are carried 
out up to 16,000 feet or over by aneroid. If time permits three 
or more tests ore made. The final results given are the average 
of the tests, and represent as closely as possible the peformance 
on a standard day. with temperature effects, up and down cur- 
rents, and other errors eliminated. 

If we produce the rate of climb curve upwards it cuts the height 
axis at a point at which the rate of climb would be zero, and, 
therefore, the limit of climb reached. This is the " ceiling " of 
the machine. 



by Google 



THE AEROPLANE HANDBOOK 



TABLE IV. 
Eiiigine» . 



1 
1 


II 

^1 


•f 


1 


1^ 


1- 


1 


t,^c^ 


i 


1 


11 




Fahr. 





















36° 




00 














1.000 


38^ 


101-0 


1-0 


83S 


814 


1,000 


99-40 


1-20 


776 


2,000 




97-2 


2-10 


735 


718 


2,000 


96-30 


2-66 


68S 


3,000 


36" 


M-0 


3-70 


640 


622 


3,000 


83-26 


4-11 


610 


4,000 


36" 


90-7 


5-40 


560 


644 


4,000 


90-20 


6-8S 


646 


5,000 


36" 


87-4 


7-26 


510 


496 


5,000 


87-35 


7-80 


490 


6,000 




84-7 


9-40 


460 


430 


6,000 


84-50 


9-96 


430 


7,000 


30=; 


82-1 


11-90 


405 


389 


7,000 


81-80 


12-40 


386 


8,000 


26" 


79-9 


14-26 


365 


347 


8.000 


79-16 


16-14 


346 


9,000 




77-6 


17-00 


330 


312 


6,000 


76-66 


18-20 


310 


10,000 




74-7 


20-25 


310 


294 


10,000 


74-00 


21-61 


280 


11,000 


21° 


72-2 


23-60 


280 


264 


11,000 


71-70 


2G-4I 


246 


12,000 


20" 




27-40 


230 


21S 


12,000 


69-60 


39-81 


210 


13,000 


17" 


67-7 


31-00 


195 


182 


13,000 


67-32 


36-13 


170 


14,000 


12" 


65-9 


37-90 


160 


139 


U,000 


65-17 


41-88 


130 


15,000 


8" 


641 


46-26 


110 


101 


14.000 


6411 


46-23 


100. 



His 16,000 feet, or whatever it is, reached, the flier's next duty 
ia to measure the speed flying level by air speed indicator at 
regular intervals of height (generally every 2,000 feet) from the 
highest point downwards. To do this he requires a sensitive in- 
strnment which will tell him when he is flying level. The aneroid 
is quite useless for this purpose, and a " statoscope " is used. The 
principle of this instrument is really the same as that of a climb- 
meter. 

It consiBta of a thermos flask connected to a small glass gauge, 
slightly curved, but placed about horizontally. In this gauge ia . 
a small drop of liquid, and at either end are two glass traps 
which prevent the liquid from escaping either into the outside air 
or into the thermos flask. Aa the machine ascends, and the 
atmospheric pressure being smi^ler and the pressure in the flask 
being higher than the external pressure, the liquid is pushed up 
to the right-hand trap, where it breaks, allowing the air to 
escape. On descendii^, the reverse happens; the Uquid travels 
to the left, breaks, and air enters the flask. When flying truly 
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level the drop remaina stationary, moving neither up noi down. 
The instrument is made hj the British Wright Go. 

The flier or the observer notes the maximum speed br the air 
Bpeed indicator — i.e., the speed at full engine throttle. At one or 
more heights also he observes the speed at various positionB of 
the throttle down to the minimum speed which will keep the 
machine Bying at the height in question. The petrol consumption 
and the engine revolutions are noted at the same time, as well, 
of oourse, as the aneroid height and temperature. 

Accurate observation of speeds needs very careful flying — in 
fact, much more so than in climbing tests. If the air is at all 
bumpy observations are necessarily subject to much greater 
error, since the machine is always accelerating and decelerating. 

TsuE Lbvbl Flyiko. 

The beet way to car^ out the test seems to be as follows : The 
machine is flown first lust down hill and then just up hill, and 
the air speeds noted. This will give a small range between which 
the real level speed must lie. 

The flier must then keep the speed as steadily as possible on 
a reading midway between these limits, and watch the statoscope 
with his other eye. 

If it shows steady movement, one way or the other, the air 
speed must be altered accordingly by 1 m.p.h. In this way it ia 
always possible at heights where the air is steady to obtain the 
reading correct, at any rate, to 1 m.p.h., even with light machines, 
provided always sufficient patience is exercised. The r.p.m. at 
this speed are then noted. 

One difficulty, however, cannot be avoided. If at any height 
there is a steady up or down air current, then, though the air 
may appear calm — i.e., there may be no " bumps " — the air speed 
indioatoT reading may be wrong, since to keep the machine level 
in an up current it is necessary to fly slightly down hill relatively 
to the air. Such unavoidable errors are, however, eliminated to a 
large extent by the method of taking speeds every 2,000 feet, and 
finely averaging the results. 

Air Speid Indicator Errors. 

We must now consider how the true speed of the aeroplane 
is deduced from the reading of the air speed indicator. It is 
well known that an air speed indicator reads too low at great 
heights — for example, if it reads 70 m.p.h. at 8,000 feet the real 
speed of the machine through the air is nearer 80 m.p.h. 

The reason for this is that the indicator, like the aneroid, is only 
a pressure gauge — a sensitive pressure gauge, in fact, which 
registers the dinerence of pressure between the air in a tube with 
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its open end pointisg forward along the lines of flight of the 
machine, and the real preseuie (the static pressure) of the ez- 

This difFerence of pressure is as nearly as we can judge by 
experiment =JpF* (where p is the density of the air and V 
the speed of the machine), provided that the open end of the tube 
is well clear of wings, stmts, fuselage, etc., and so is not affected 
by eddies and other disturbances. 

Now, assuming this law, air speed indicators are graduated to 
read correctly, as I have said above, at a density of 1-221 kgms. 
per cubic metre, which we have taken as our standard density 
and called " unity." It corresponds on an average to a height 
of about 800 feet above aea-level. 

Then suppose the real air speed of an aeroplane at a height of 
h feet is F m.p.h., and the indicated air speed is 70 m.p.h., 
this means that the excess pressure in the tube due to the speed 
is proportional to 1 x 70', 

or px F' = l=70*- 

where p is the density at the height in question, expressed as a 
fraction of the standard density. 

To correct the observed speed, we therefore divide the reading 
by the square root of the density. Thus, observation of the maxi- 
mum speed of an aeroplane at a height of 8,000 feet by the locked 
aneroid gave 80 m.p.h. on the indicator, the temperature being 
31 degrees Fahrenheit. Prom the curve we find that the density 
corresponding to 8,000 feet and 31 degrees is 0'85 of standard 
density. The corrected air speed is therefore — 

= -^ = 86-7m.p.h. 

This " corrected " aii speed will only be true if the above law 
holds — that is to say, if there are no disturbances due to the pres- 
sure head, being in close proximity to struts or wings. It is 
always neeessaiy to find out the magnitude of this possible error — 
that is, to calculate the air speed meter — and the only way to do 
this is to measure a real air speed at some reasonable altitude for 
easy observation of the aeroplane by actual timed observations 
from the ground, and from these timed results check those de- 
duced from the air speed indicator readings. 

This calibration is the most important and difficult test of all, 
since on the accuracy of the results depends the accuracy of all 
the other speed measurements. It can either be done by speed 
trials over a speed course close to the ground, or when the aero- 
plane is Hying at a considerable height above the ground. In 
the Testing Squadron we have always attached much more im- 
portance to the latter method, mainly because the conditions 
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approximate more to the conditions of the ordinary air speed 
meaBurementH at difEerent heights, and because the weather con- 
ditioDs are muoh eteadier, and the flier can devote more atten- 
tion to E-yina the machine at a constant aii speed than he can 
when very close to the ground. 

Visual Sfkkd Txsts. 

One method is to use two camera obBcuiaa, one of which points 
vertieally upwards, and the other is set up sloping towards the 
vertioal camera. At one important testing centre the cameras 
are a mile apart, and the angle of the sloping camera is 45 degrees. 
By this arrangement, if an aeroplane is directly over the vertical 
camera, it will be seen in the field of the sloping camera if its 
height is anywhere between 1,500 and 15,000 feet, although at 
very great heights it would be too indistinct for measurements 
except on a very clear day. The height the testa are usually car- 
ried out is 4,000 feet to 6,000 feet. 

The aeroplane is flown as nearly as possible directly over the 
vertical camera, and in a direction approximately at right angles 
to the line joining the two cameras. The pilot flies in as straight 
a line and at as constant an air speed as he can. Observers in the 
two cameras dot in the position of the aeroplane every second. A 
line is drawn on the tables of each camera pointing directly to- 
wards the other camera, so that if the image of the aeroplane is 
seen to cross the lines in the one camera it crosses the line in 
the other simultaneou^y. 

From these observations it is possible to calculate the height 
of the aeroplane with considerable accuracy; the error can be 
brought down to less than 1 part in a 1,000 with care. Know- 
ing the height, we can then oalculate the speed over the ground 
of the aeroplane by measuring the average distance on the paper 
passed over per second by the image in the vertical oamera. If 
X inches is this distance, and^ the focal length of the lens, the 
ground speed is x x h/f feet per second. 

It is necessary to know also the speed and direction of the wind 
at the height of the test. Fci this purpose the pilot or his ob- 
server fires a smoke puff slightly upwards when over the cameras, 
and the observer in the vertical camera dots in its trail every 
second. The height of the smoke puff is assumed to be the same 
as that of the aeroplane — it probably does not difier from this 
enough to introduce any appreciable error in the results. 

The tests are dene in any direction relative to the wind, and 
generally at three air speeds, four runs being made at each air 
speed. 

The advantages of this method are: 
1. Being well above the earth the pilot ean devote his whole, 
attention to the test. 
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2. Within reason&ble iimits any height can be chosen, ao that 

it is generally possible to find a height at which the wind 
is steady. 

3. It does flot matter if the pilot does not Sy along a level 

path so long as he does so approximately. What is more 
important is that he should 9y at a constant air speed. 

4. It is not necessary that there should be any oommunica- 

tion between the two oameras, although it is convenient. 
The two tracks are made quite independently, and 
Bynchronised afterwards from the knowledge that t^e 
image must have passed over the centre line simultane- 
ously in the two cameras. 

The main disadvant^e is that somewhat elaborate apparatus 
is necessary, but this is of not much importance in a permanent 
testing station. 

There are often periods, however, when an aeroplane has to 
be tested quickly, and low cloud layers and other causes 
prevent the oameia test from being carried out. It is then 
necessary to lely on measurements of speeds near the ground for 
the calibration of the air speed indicator. In this method the 
aeroplane is flown about 10 feet ofi the ground, and is timed over 
a measured run. 

There are two observers, one at each end of the course; when 
the aeroplane passes the starting-point the observer sends a signal 
and starts his stop-watch simultaneously; the second observer 
starts his stop-watch directly he hears the signal, and in his turn 
sends a signal and stops his watch when the aeroplane passes 
the finishing-point. 

By'this double timing errors due to the so-oalled "reaction 
time " of the observers are practically eliminated, for the observer 
at the end of the course tends to start his watch late, while the 
first observer stops his late. The mean of the two observations 
gives the real tmie. Four runs, two each up apd down the 
course, are done at each air speed, the pilot or his observer 
noting carefully the average air speed during the run. 

Observations of the atmospheric pressure and temperature from 
which the density can be obtained are also taken. The average 
strength and direction of the wind during each trial are noted 
from a small direct reading {or recording) anemometer, and the 
speed corrected in the same way as in the camera tests. 

If there is a strong cross wind the aeroplane may have to be 
pointed at a considerable angle to the course, and this makes the 
test a very difiicult one to carry out well. Generally speaking, 
it is only reliable when the wind is quite light, not more,' at any 
rate, tha>n 10 m.p.h. Kven this is too strong if it is a cross wind. 

A further difficulty is that at high speeds, over 100 m.p.h,, an 
aeroplane may take quite a considerable time to accelerate up to 
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a steady speed, and bo it must fly level for a long distance each 
end before reaching the actual comae. At the testing station 
pievioualy alluded to the oonise is a mile long, and were is a 
clear half-mile or moie at each end, but it is doubtful whether 
even this distance is enough for the machine to attain steady 
speed before the startiqg-point. 

Finally, the flier of a single-seater is generally too busy watoh- 
ing the ground to do more than glance at his air speed indicator 
oooasionally during the run. Doubtless it would be better in such 
a case to use some form of recording, air speed instrument, 
sJthough then other diSoulties would arise. 

Having sot the true air speed from camera or speed course 
tests, and uiowing the density at the height at which the test 
was carried out, we obtain what the air speed indicator should 
have read by multipMng the measured air speed by the square 
root of the density. By comparing this with the aotiul reading of 
the indicator we obtain the necessary correction. The whole pro- 
cedure may be shown best by a table (V.) giving part of the results 
of a camera test. 

TABLE V. 
Calibration Tart of Air Speed Indicator No 



Bun So. 


around 
Spud. 


MtHM^td 

Wind Spud 


OoTTKUd 

AirSvud. 


Aneroid 
lUighl. 


2 
3 

4 


TOl iii.p.h. 
123-4 „ 

62-0 „ 
■24-7 „ 


31-0 m-p-b. lets 

2s-e „ o>s 

32-3 „ 168-5 
32-3 „ 21-0 


80-2 
93-7 
63-8 
»-8 


8,100 
6,100 
5,060 
6,000 



Bun No. 


Ohtrvtd 


Slandard Dtiuilf. 


ObMTVtd 

AtrSpted. 


Vx^p. 


Correctum 

NtctMcry. 


1 
2 
3 
i 


31 
31 
31 
31 


0-879 
0-878 
0-881 
0-882 


80-0 
86-0 
80-0 
88-0 


83-6 
87-8 
S8-1 
S8-S 
Hesa 


x3-6 

x2-8 
x31 
x2-8 
x3-l 



A summary of the complete speed tests may now be given. 
Firstly, the air speed and engine revolutions are noted flying level 
at fullthrottle every 3,000 feet, approximately, by aneroid. From 
the aneroid reading and temperature observation at each height 
the density is obtained. The reading of the air speed indicator 
is then first conected for instrumenbu errors by adding or sub- 
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tracting the oonectiOD found hj calibratdon teste over tlie oametae 
or speed oouiae. 

TUb number is then again corrected for height by dividing 
by the square root of the density. The result should give the 
true air speed, subject, of course, to errors of observation. 

The numbers so obtained are plotted against the " standard " 
heights — -i.e., the average height in feet corresponding to the 
density during the test. A smooth curve is then drawn through 
the points and the air speeds at standard heights of 3,000, 6,500, 
10,000, 13,000, and 16,500 read ofl the curve. These heights are 
chosen because they correspond closely with 1, 2, 3, etc., kilo- 
metres. 

The indicated engine revolutions are also plotted against the 
standard heights, because these observations form a check on the 
reliability of the results; also, the ratio of speed to engine revolu- 
tions at different heights may give valuable information with 
remird to the propeller. 

Table VI. gives complete results of one of our teste of air speed 
&t heights. The table refers to the same machine as Table V., 
which gives the results of calibration tests of the air speed indi- 
cator. 

TABLE VI. 
An Sfbids at Hbiohts. 





Obstrved 
Ttm. 








For 


Corre- 




Aatroid 


Standard 


gpcmdiitg 




Cali- 


MjxMing 


06*e™ed 


Height. 


Demity. 




AirSpeid. 


'yralioK 










Height. 




Tutu. 


Dttuits. 






Fahr. 














3,000 


38° 


0-935 


2,900 


9Sm.p.h. 


98 


lOH 


1,280 


5,000 


35° 


0-875 


4,900 




96 




1,280 


7,000 


30° 


0-821 


6,900 


68 „ 


91 


loot 


1,240 


fl,200 


24° 


0-767 


9,000 


81 „ 


84 




1,220 


10,800 


19= 


0-731 


10,400 


80 ,. 


83 


97 


1,220 


12,800 




0-682 


12,600 


72 „ 








13.800 


12° 


o-e«4 




88 „ 


72 


88i 




15,200 


8° 


0-636 


14,800 


65 „ 


69 


86i 





FlBAI, RSSTTLTB FROM CURVK. 








Airspeed. 


S.P.M. 


3.000 
6,500 
10,000 
13,000 
15,000 


103-0 m.p.h. 

100-6 .; 

96-5 „ 
94-6 „ 
86-0 „ 


1,290 
1,250 
1,215 
1,180 
1,160 
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WffiELESS TELEGRAPHY AS APPLIED TO 
AIRCRAFT 

By R. D. BANGAY 
(Huooni Wirelwi Telegmpb Co., Ltd.) 

The uBeB to which wireless Apparatus is put in connection with 
ftiiotalt aie: 

1. TnnamisfflOD of mecMages from aircraft to shore or 

aircraft to aircraft. 

2. Reception of messages. ■ 

3. Navigation. 

The medium through which " wireless " communication is 
efiected lb the ether, m which disturbances, known as electric 
waves, are set up at the tranamittdng station and radiated to the 
receiving station, where they are converted into sound. 

TRANSHITTEBfi. 

I^pw of Tnuumitters. — Apart from their power and range, 
there are two distinct types of transmitters — namely, (I) those 
that produce aucccBBive groups of damped waves, usually known 
as Spark Tranamitten. owing to the employment of a spark 
gap in the primary circuit; (2) those that produce a continuous 
stream of undamped waves, usually known as Continuous Wave 
or C.W. TruiBmitterB. This latter class embraces those used 
(a) for C.W. Telegraphy; (b) for Tonic Train Telegraphy; and 
(«) for Telephony. 

Spark muumitten. 

Spark transmitters have three distinct circuits — namely, the 
charging or low frequency circuit, the primary oscillatory circuit, 
and the secondary oscillatory circuit, or aerial circuit. Fig, 2 
represents a spark transmitter, in which an accumulator battery 
is the source of energy, and Fig. 3 represents a spark transmitter 
in which an alternator is the source of energy. 

Action ol Spuk Transmitter. — Briefly, the action of a spark 
transmitter is as follows: 

The primary osoillatory circuit, which consists essentially 
of a condenser and an inductive winding, has a definite electrical 
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tame period, depending upon the capacity of the oondenBer and 
the induotance of the inductive winding {vide formula I.). 
When such a oiiouit is energized, eleotricity vrill flow baokwards 




and forwards thtough the inductive winding, first charging the 
QondenBer in one diieotion, and then in the other. The ouirent 
will Gontinne thus to oeoillate until all the initial energy given 
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to the circuit has been expended either io OTercoming the re- 
Bistanoe of the circuit or in creating waves in the ether which 
radiate the eneigy into space. 




The waves thus formed have exactly the same frequency as 
the oscillatory currents producing them, and since the speed 
at which they travel through the ether is constant— namely, 
3 X 10* metres per seoond — the length of the waves can be 
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calculated, either from tte frequency of the oacillations {vids 
Formula II.) or from the values oF the capacity and inductance 
of the oscillatoTT circuit {vide Formula III.). 

A closed OBoill&tory circuit, such as the primaiy circuit just 
described, is not a good radiator of electric waves, and for this 
reason it is inductively ooupled to an aerial circuit consisting 
of an aerial wire and an "earth," or counterpoise, which is a 
better radiator. 

When two such circuits are inductively coupled, ao^ oscil- 
lations of current set up io the one create similar oscillations 
in the other; thus, if the primary circuit is energized, the eneigy 
is gradually tranaJFeired to the aerial circuit, m>m which it is 
radiated in the form of electric waves. 

To enable this transfer of energy to take place freely the two 
oircnits must be in tune — that is to say, they must both have, 
exactly the same time period, or be tuned to the same. wave-length. 

The adjustment of the time period of the primary oscillatory 
circuit is usually accomplished by varying its inductance. 

In some cases a separate winding, known as the "primary 
tuning inductance," is provided, so arranged that more or less 
of the winding can be included in the circuit. In the Uarconi 
aircraft spark transmitters, the jigger primary is so arranged that 
part of the windings can be moved relatively to the rest, so that 
the two parts either oppose or assist one another, thus varying 
the inductance and consequently the wave-length of the circuit. 

The AeriaL — The adjustment of the wave-length of the aerial 
circuit is accomplished either by varying the length of the aerial 
wire or by varying the amount of extra inductance included in the 
aerial circuit. Part of this extra inductance, known as the 
" aerial tuning inductance," is provided by the jigger secondary; 
but sometimes a separate winding is also provided, with tappings. 

The aerial usually consists of a single wire, which, when not 
in use, is wound on an insulated reel within easy reach of the 
operator^ The wire is arranged to break if the strain exceeds 
50 pounds, in case a machine should inadvertently descend when 
the aerial wire is trailing. The length of the wire used depends 
upon the wave-length it is desired to transmit. 

The fundamental wave-length of the aerial depends upon its 
length, and to a certain extent upon the self-capacity of the 
" earth," or counterpoise. If, as in most cases, the capacity of the 
counterpoise is large compared with that of the aerial wire, 
the wave-length of the aerial can be approximately calculated 
from Formula IV. Any inductance included in the aerial circuit 
will increase its wave-length, so that due allowance must be 
made for the inductance of the jigger secondary, and of any 
extra aerial tuning inductance used. 

The "Eartt."— The "earth," or counterpoise, is usually 
provided by the metal work (such as stay wires, engine, etc.) of 
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the machine itself. This can be supplemented, if necessary, by 
stretching a few wires within the wing coverings. 

In some eases an extra wire is trailed from the aircraft to act 
as the counterpoise. This wire should be BO Weighted that it 
trails at some distance from the aerial wire, Otherwise radiation 
will be very considerably reduced, and also the aerial system 
becomes extremely directioni^. 

Taning tbe Transmitter. — Owing to the fact that the oapacity 
of the primary oscillatory circuit is a fixed value for any particnlar 
instrument, the wave-length of that circuit is a funotion of the 
inductance included, and a calibration chart is usually provided 
with each instrument showing the wave-length obtained on the 
different tappings or adjustments of the primary tuning induot- 
anoe. It is, therefore, a simple matter to set the primary circuit 
to give the desired wave-length. 

The adjustment of the aerial wave-leUgth is not so simple, 
for the reason that the capacity of the aerial will vary to a certain 
extent with different machines. 

A tuning chart, showing the approximate length of the aerial 
and the approximate adjustment of the aerial tuning inductance 
for different wave-lengths, is useful for roughly setting the oirouit, 
but the tuning should be finally adjusted by includii^ a current 
indicator in series with the circuit. Then, after setting the 
primary to the desired wave-length, the length of the aerial wire 
can be varied until the maximum ourrent reading is obtained on 
the iudicato.". 

The current indicator can be either a hot wire amperemeter 
or a small incandescent lamp. The former indicates the value 
of the current by the scale reading, and the latter by the brilliancy 
of the filameat. 

Exoitatlon ot Spark Transmitter. — The method of energizins 
the primary oscillatory circuit is to give the condenser an initial 
charge from the accumulator battery or dynamo, as the case 
may be, and to allow the condenser to discharge itself thn>ugh 
the oscillatory ciiouit. To enable this initial charge to be given 
to the condenser, the oscillatory circuit, which would otherwise 
form a short circuit to the condenser, is broken by the spark 
gap, and the high tension terminals of the induction coU or 
transformer are connected across the condenser, or, what comes 
to the same thing, across the spark gap, as shown in Figs. 2 
and 3. 

When the condenser has been charged to a sufficiently high 
voltage (depending upon the length of the spark gap) the in- 
sulation of the latter is broken down, and the spark, thus produced 
forms a temporary bridge, allowing the condenser to discharge 
through the oscUIatory circuit. Thus, for every spark an 
oscillatory current of gradually diminishing strength flows in the 
primary circuit, producing in turn a group of damped waves. 
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The energy in each cliarge given to the condenser depends 
upon the oapocity of the condenser sod the voltage to wMoh it 
is chained, and oan be oalculated from Fonnula V. The powei 
given to the primary osciUatoiy circuit, thezefoie, is the quotient 
of the energy in eaoh oharge, and the number of timee per second 
that the condenaer is discharged through the oircuit, and can 
be calculated from Formnla Vl. 

ContinDona Wave Itaumittan. — There are several methods 
of generating continuous, or undamped, OBcillationB in a high- 
frMiuency oscillatory circuit for producing coDtiimouB waves. 

For small power sets, such as are used on aircraft, the " oscil- 
lation valve" is praotically the only method employed, on 
aocouQt of its tunplicity and reliability. < 

The valve itself is shown diagrammatioally in Fig. 4, and 




oonaistB essentially cf a hot electrode, termed the "filament," 
and a cold electrode, termed the " sheath," enclosed in a vacuum 
chamber similar to an electric-light bulb. Placed between the 
filament and the sheath is the controlling electrode, made of 
perforated metal or wire gauze, termed the "^d." 

Action of the Valve. — The principle underlying its action isj 
briefly, as follows: When the filament is rendered incandescent 
by artificial means, electrons are liberated from the surface 
of the filament. The eleotrons being of nesative polarity oan be 
attracted to the sheath by charging the latter positively with 
respect to the filament; thus a oorrent of electricity oan flow 
through the valve, but only in the one direction. 

The value of this current is limited by (I) the rate at which 
deotrons are made available; (2) the redstanoe of the circuit. 
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inoladiog the internal resistance of the valve and the resiBtanoe 
of the external circuit; and (3) the E.M.F. applied between the- 

sheath and the filament. 

The value of this current can also be controlled by the grid. 
Any negative charge applied to the grid tends to shield the 
filament from the eSects of the positive charge applied to the 
sheath, resulting in a reduction of the flow of electrons from the 
filament to the sheath, and a consequent reduction in the current 
flowing through the valve. 

In a suitably designed valve a comparatively low negative 
E.M.F. applied to the grid will neutralize a very high positive- 
E.M.F. applied-to the sheath. 

High-frequency oscillatory currents can be generated by udng 
the valve to impulse an oscillatory oircuit. 

If a pendulum be given a series of small impulses at intervala 
corresponding to the natural time period of the pendulum, it 
is well known that the latter will get up a swing backwards and 
forwards, even though the impiuses are unidirectional. The 
swings will reach a greater and greater amplitude until the 
rate at which energy is lost by the pendulum in overcoming the 
resistance of the air, etc., is equal to the rate at which energy is 
supplied by the impulses. 

In the same way, if a series of unidirectional current impulsea 
be given to an inductance which forms part of an oscillatory 
circuit at intervals corresponding to the natural electrical time 
period of that circuit, current oaciUations will be set up in the 
oscillatory circuit which will reach a greater and greater amplitude 
until the rate at which energy is lost oy the oscillatory currents in 
overcoming the resistance of the circuit and in radiation, is equal 
to the rate at which energy is suppUed by the impulses. 

Fig. 5 Bhows diagiammatically how this can he accomplished. 
The sheath of the valve, 8, is connected to one end of the in- 
ductance, L, which forms part of the oscillatory circuit, L, C. 
The other end of this inductance is connected through a high- 
tension battery, or B.C. Generator, B, to the fijament of the 
valve, F, This battery muet be connected so as to create a 
positive potential of, say, 1,000 volts on the sheath and a negative 
potential on the filament. The filament is rendered incandescent 
by a small four-volt accumulator battery, A. 

Neglecting for the moment the action of the grid, it will be 
seen that under these conditions a unidirectional current will 
flow from the battery B through the inductance, and through 
the valve. 

A coil, B, known as the reaction coil, is inductively coupled to 
the inductance, L, and connected between the filament of the 
valve and the grid electrode, and wound in such a direction 
that the current Sowing in the inductance generates an E.M.F. 
in the reaction coil, which pioducea a negative charge on the grid 



by Google 



WIRELBS8 TELEGRAPHY APPLIED TO AIRCRAFT 125 

of the valve, thus interrupting for the moment the flow of current 
from the battery, B. Owing to the inductance of the winding, L, 
however, the current which has already been started in it oon- 
tinueB to flow in the oscillatory oircuit, and charges up the con- 
denser, C. As this condenser becomes charged the current 
gradually falls to zero, and then flows in the reverse direction 
as the condenser discharges itself. The result of this reversal 
<tl the direction of the current is to generate an opposite E.M.F. 
in the reaction coil, which reverses the potential on the grid, and 
allows another current impulse to flow from the battery B. 

In a suitably designed circuit the diSerence in phase of the 
current flowing in the oscillatory circuit and that generated in 
the reaction coil is such that the potential of the grid is reversed 
and the valve consequently rendered conductive at the right 
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moment — that is to aay, at the moment when the current impulse 
from the battery assists and augments the current flowing in 
the oscillatory cirouit, thus building up the oscillations with 
each successive impulse, until the loss in the oscillatory circuit, 
due to resistance and radiation, balances the rate at which energy 
is supplied by the battery. 

In the case of a valve transmitter, the aerial circuit is directly 
energized from the valve by including an inductive winding in 
series with the aerial, and connecting the valve across this 
winding, as shown in Fig. 6. The manipulatii^ key can 
either be oonneoted in the high-tension circuit, as shown by 
Kl, but is more generally connected in the grid circuit, as shown 
byK2. 

The same principle is employed in tonic train and telephone 
transmitters, these being provided in addition with suitable 
means of varying the amplitude of the oscillations generated in 
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the aerial. Tliig is accomplished by Huperimposing a low fre- 
quency cturent on the high frequency oBcillatJons generated in 
ttie grid circuit. In the case of tonic train transmitters a lov 
frequency current of uniform frequency and amplitude is super- 
impoBed on the high frequency oeciUationB acting on the grid of 
the transmitting valve. These low frequency impulses can be 
generated by means of a buzzer connected in series with the 
primary of a small transfonner, the secondary of which is con- 




nected in the grid circuit of the valve tn place of the manipulating 
key, K2, Fig. 6. 

In the case of telephone transmitters a similar arrangement ia 
used except that the buzzer is replaced by a microphone. The 
fluctuations in the microphone current due to speech are thus 
made to cause corresponding variations in the amplitude of the 
oscillations generated in the aerial. 

The efficiency of the set as a telephone transmitter depends 
upon the degree to which the acoustic variations can be made 
to control the amplitude of the high frequency oscillations without 



by Google 



WntELBSS TELEGRAPHY APPLIED TO AIRCRAFT 127 

distortion, and the method described above haa certain limita- 
tioua which m^e it nnsnitable in Bome ciicumstauces. 

Fig. 7 shown an improved method of microphone control 
which has been adopted in the latest Marconi telephone 
tiansmitteis. 

The explanation of the action of this trauBmittei is briefly as 
follows : An oscillatoiy conent is maintained in the aerial hj the 
valve Vj. The high tension ouirent from the soiuce of powei 
P is, however, fed through a highly inductive choking coil C. 
Acioas this " choke " is connected what is known as a ' control 




valve" V, which deals only with the low frequency cunent 
variations created by the microphone M. 

The microphone is connected to the grid circuit of the control 
valve BO that the vaiiabions in the microphone current due to 
speech cause correBponding vaiiationa in the grid potential of the 
contiol valve. These in turn cause very much bigger variations 
in the sheath potential of.the control valve, which, as already noted, 
is connected across the feed choke. The effect is equivalent to 
supplying the oscillation valve V, with current iiom the source of 
power P at,a varying potential, thus vaiying the am[jitude of the 
oscillations which it generates in the aerial. 
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Receivebs. 

The funatiou of the Beoeiver is to oonvert the electrio waves 
which are radiated from the tranamittei into somethiDg which 
is perceptible to the human senses. In nearly all modern wireless 
telegraph stations sound-reading is adopted as being the most 
acourato, as well as the most sensitive. 

When a group of electric waves passes across a conductor 
which forms part of an osoillatory oircuit, current oscillations 




are set up in that circuit. If the natural time period or wave-Ien^h 
of the osoillatory circuit is different to that of the incoming 
wave, the osoillatory current produced will be oomparatively 
feeble. If, however, the wave-length of the circuit is the same 
as that of the incoming waves, eaoh suooessive wave will assist 
the currwt osoillatione, and thus produce a oomparatively strong 
result. 

An oscillatory circuit which is a good radiator of electric 
waves is also a good receiver. Henoe, an open oscillatory circuit 
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Donsistiiig of an aerial wire oonneoted at one end to the " earth," 
or oountetpoise, is ueed at the receiving station for " picking op " 
the wavea. 

To enable the ciicuit to be tuned to the incoming wave, an 
adjustable inductance, called the " aerial tuning inductance," 
or an adjustable condenser, colled the " aerial tuning condenser," 
OF both, are connected in series with it. 

The telephone receiver is the most sensitive ultimate detectw 
of feeble electric currenta, but it will not respond to high-frequeooy 
OBcillato^ currents. 

To enable the high-frequency ouirents generated in the aerial 
by the inooming waves to be detected by the telephone it is 




necessary to reotafy them — that is, to convert them into uni- 
directional currents. 

One of the properties of the oscillation valve just described — 
namely, that it will only allow current to flow though it in one 
direction — can be used for this purpose. 

For obvious reasons it cannot be efficiently employed directly 
in series with the aerial, as it would prevent oscillatory currents 
from flowing in that circuit, but it can be employed either across 
the aerial tuning inductance, or across the inductance of a 
secondary oscillatory circuit inductively coupled to the aerial, as 
shown in Fig. 8. 

■•Sllilrtag BeosiTeM. — To enable eignals to be read above the 
noise of the engine on board an aircraft it is necessary that a 
very great volume of sound is produced in the telephone receiver. 
iThe sound produced in a simple receiver, as just described, is 
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insufficient foi this puipose. To increase the eoimd Bome form 
of relay or magnifier must be need. 

The oidinary telephone relay is unsuitable, as it ia sensitiTe 
to mechanical vibration. By far the best results are obtained 
by using the three- electrode oscillation valve, vhich can be used 
both for rectifying and magnifying the received oscillations. 

Fig. 9 shows one type of valve receiver in which the first valve, 
V, rectifies the oscillatOTy currents induced in the aerial and 
communicates these rectified impulses through a transformer, Tj, 
to the grid of second valve, Vj. The variations thus produced in 
the grid potential of the second valve cause very much greater 
-variations in the potential of its sheath, which, as shown in Fig. 9, 




is connected to the telephone transformer, T^. A reaction coil, 
R, is included in the sheath circuit of the first valve, which, being 
inductively coupled to the aerial circuit, allows some of the ene^^ 
liberated in the sheath circuit to be transfen-ed to the aeriu, 
thereby supplementing the oscillations created by the incoming 
signals and increasing the sensitiveness of the receiver. 

If the coupling between the reaction coil and the aerial ia 
increased, sufficient ener|^ will be transferred to the aerial to 
maintuu the oscillatitms indefinitely, and the receiver can then 
be used for the reception of continuous waves hy slightly mis- 
tuning the aerial to the incoming signal. 

In the receiver shown in Fig. 9 the high frequency currents are 
rectified by the valve V^ before they are magnified by the valvfl 
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Vg. Fig. 10 shows another type of lecMTer in which the high 
frequency oscillations received in the aerial are first magnified 
by the valve V^ before being rectified by the valve Vj, After 
rectification the aigoale are again magnified by the valve V,. 

A valve used for magnifpng high frequency currents is known 
as a high frequency magnifier, and one uaed for magnifying the 
rectified currents is known as a low frequeni^ or note magmfier. 
The advantage of high frequency magnification is to increase the 
sensitiveness of the receiver to extremely weak signals. On the 
other hand the advantage of note magnification is to increase 
the voliune of sound produced in the telephones by signals of 
medium strength. 

Navigation by Wibsless. 

Owing to the rapid variations in the direction and strength 
of air currents, the navigati«n of an airBhip during long-distance 
fiights is extremely difficult, unless the pilot has some means of 




deterfaiining his exact position at frequent intervals. This means 
can be supplied by wireless telegraphy apparatus especially con- 
Btruoted for the purpose. 

The principle is a simple one. The direction from which an 
electric wave emanates can be exactly determined with suitable 
apparatus. If such apparatus be erected at two points, A and B, 
f^g. 11, and simultaneous readings be taken at both of these 
points of the direction of a transmitting station, C, then by a 
simple trigonometrical calculation the exact position of C with 
relation to A and B can be determined. 

For example, suppose that A and B ore direction-finding 
stations erected at Hull and at Ipswich respectively, and suppose 
that C is an airship desirous of knowing its position: C wuld 
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transmit r predetermined signal for a short ^riod, whicli would 
be picked up by A and B. A would determine the direction by 
measuring ^e angle BAC, and B by measuring the angle ABC. 
Each station would then oommunioate the result to a transmitting 
station, J), situated at any convement point. From the in- 
formation thus obtained D would be able to calculate the exact 
position of C, and would transmit the result to him. 

The principle on whieh the direotion-finding apparatus is 
constructed is as f(Jlows: Any closed oscillatory oircmt is highly 







directional whether used for transmiasion or reception. If a loop 
of wire forming part of a dosed oscillatory circuit be suspended 
in the form of a rectangle, or triangle, as shown in Fig. 18, 
it will act as a fairly good receiver of incoming signals, and at 
the same time will be highly directional, inasmuch as it 'wiQ 
not respond at all to signals coming from a direction at right 
angles to the plane in which the loop lies, and it responds best 
to signals when the plane of the loop corresponds with the 
direction of the transmitting station. 
There are two methods of using this quality possessed by such 
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an aerial for the purpose of findiog the diieotion of any given 
tiansmitting station. 

The first is to couple a receiver to the loop aerial in the ordinary 
way, and to arrange that the loop can be rotated through 180 
degrees and its position indicated on a scale inside the operating* 




Fts- li. 



room. The scale reading thus indicates the direction of the 
transmitting station. 

The second method is to erect two loops fixed permanently 
with their planes at right angles to one another, as shown in 
Fig. 13. Each aerial is then coupled to a common receiver 
through exactly aymmetrical though independent inductive 
windings, these windings being fixed inside the receiver at right 
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angles to one another. The coupling coil of the receiver, called 
the " search coil," is placed centrally to both the aerial coils, 
and is bo arranged that it can be rotated with r^ard to them; 
thus, when its coupling is a masdmiuu to one aeriafit is also zero 
to the other, and vice verea. 

It is evident that the efieot of rotating the search coil in this 
second method is the same as that of rotating the aerial in the 
first method. 



Useful Fobhula fob Wirblebb Calcclatioms. 



«— frequency per second. 

Zi~ inductance of circuit in henries. 

a — capacity ot circuit in farads. 



V 
("■) A-f 
A = wave-length. 

V = velocity of radiation = 3 + 10* metres per second, 
n = frequency. 

(III.) A = 196-8V'^. 

\=wave-Ien^th in feet. 
£•• capacity in microfarads, 
^^inductance in centimetres. 



k~2VKL. 

A » wave-length in metres. 
£ = capacity in centimetres. 
£— inductance in microhenries. 

N.B. — 1 microhenri = 1,000 cms. 
I microfarad— 9 x 10" cms 



(IV.) \ = Z-il approximately. 
A — fundamental wave-length of single wire (aircraft 

aerial). 
J— length of aerial wire. 
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£ = energy in joules. 

£=oapacity of condeosei in farads. 

F= voltage of oondeuser. 

(VI.) W-iKV'S. 

!?■= power of transmitter in watts. 
if = capacity of condenBei in farads. 
F-=vcutage of condenser. 
S=8park frequency per second. 



by Google 



SPRAY PAINTING, VARNISHING, AND DOPING 

By C. L. BURDICK 

Thb blowing on of paints, varnisheB, and the like, with paint 
sprayers is an art which the war has helped to develop. 

For a matter of twenty-five years machines of tliis nature have 
been on the market, but the present shortage of labour has brought 
them rapidly to the front for " speeditig up." 

Spray painting has been applied to such widely difFerent 
olasees of work as that of preparing the drawings of aero 
engines, painting and varnishing of shells, mines, hand-grenades, 
motor-cars, ammunition- boxes, gmi-oarriages, flying machines, 
observation b^oons. 

A certain amount of practice is required, but nothing like the 
degree of skill is called for that is necessary in painting with 
hog's hair. 

All sorts of covering media are used — enamel paint, stoviug 
punt, dope, ships' composition, tar and cement, varnish, polish, 
lacquers, bronzes, and, id fact, anything that can be applied with 
brushes; moreover, the work can be done on any surface which 
is suitable for painting. 

One might suppose that a slender article like a bicycle frame 
oould not be done with a spray; as a matter of fact, it oan be 
done quickly, and with a saving of paint, with a paint -sprayii^ 
machine. 

In the best-known types the apparatus consists of a hand-piece, 
in which an air valve and a valve tor the liquid or paint are 
controlled by a single finger lever, while the paint is fed (under 
pressure) to the hand- piece through a flexible pipe; the air valve 
dmply turns the compressed air full on when the lever is pressed, 
but the liquid or paint valve is finely adjusted, so that a very 
small spot of paint can be delivered, or, by opening wide, a large 
qoantity can be delivered. 

Sprays oan be made large enough to cover the side of a building 
in a few seconds, but as a matter of praotice it is found that a 
spray which under test conditions will deliver three square 
^rds in a minute is as much as an operator can manage and 
obtain a level or uniform coating. 

The illustration (on p. 137) shows the method of painting with a 
pressure paintpot. 
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The paintpot (B) is supplied in 1 or 4 gaUon aixes oi larger to 
order. Spray-painter nozsles are made for all classes of work. 
The oompresaed air is introduced through the flexible tube A. 



This tube is practically continuous with the tube F, which conducts 
the compressed air to the hand-piece. The compressed air is also 
admitted to the top of the air-tight paintpot B, through the reduo- 
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in^ valve C; the pressure on the top of the paint will foroe the 
paint through the tube E to the hand-piece. 

The advantage of this system is that by adjusting the valve 
(by the nut at the top} the flow of the paint or liquid ia under perfect 
control. If the operator is painting at a considerable height 
from the floor, screwing down the nut will send the paint up in 
Buflloient quantity. The method is also convenient for paints oi 
liquids of varying oousiatenoy, as the piessuxe can be easily and 
quickly regulated to suit the liquid. The flexible air and paint 
tubes are provided with union nuts and are eaailj" assembled or 
taken apart. Usually asbestos-lined flexible tubing ia provided 
for the paint tube (marked E on illustration), while rubber-lined 
metallic tubing is provided for the air (tubes A and ¥). A stirrer, 
D.ia provided for agitating the paint. Hinged bolts with wing 
nuts enable the cover of the pot to be quickly removed. 

When cleaning the hand-piece and paint tube, first allow the 
air to escape from the top of the paint by loosening the wing nuts, 
then, placing the hand with a rag over the nozzle of the instrument, 
turn the air back through the paint tube; thla will blow the paint, 
back into the pot; while the air is still turned back through the 
paint, turn the tap at the bottom of the pot. The paint tube may 
then be detached and hung up so that any remaining paint will 
run out. 

If more thorough cleaning is required the detached end may be 
immersed in turps, and turning on the air at the hand-piece will 
8uok the turps into the tube, which can then be blown out at the 
nozzle. The instrument can be set to give a fixed quantity by 
regulating the nut N, An air nozzle at K may be removed for 
cleaning, and an inner nozzle for paint may be removed by a 
spanner to get at the needle valve if necessarv. 

When coating small articles, a cup to hold a small quantity 
of liquid may be afiixed at H (see illustration), and for many 
purposes the cup container is quite ef&cient. Where the painter 
is working in a fixed position an overhead paintpot with a fall 
of eight or ten feet will work for all paints which are fairly 
fluid; but to meet all conditions the pressure paint container is 
the best. The feed of paint can be nicely adjusted; also, the 
evaporation from such liquids as dope is prevented. 

Paint sprayers are used in many departments of aeronautics; 
the big observation balloons are "doped" with this machine; 
the wings of aeroplanes are sometimes doped, and usually 
varnished with apray, and it ia found that even the slender parts 
of the framework can be varnished much quicker and better 
with a sprayer than with the ordinary brush. 

To paint with a spray requires a certain amount of practice, 
especially with a heavy liquid lik.e dope. If the spray is held 
too far away from the surface of the wing the media evaporate 
and the dope goes on too dry; on the other hand, a level ooatinn 
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is diffioult if held too dose. A little praotice will enable the 
operator to steer between Scylla and Charybdia. 

Another advantage claimed for the spray method is that the 
same number of coats are not neoessary. When a paint (xt 
liquid is laid on with an ordinary brush the tendency is to wipe 
away a portion as the paint is laid on. With a spray the stirfaoe 
may be " loaded," so that there is no " wiping away." The 
result is that three coats with a spray are equal to about five coats 
with an ordinary brush. 

The pressure of the air for spray painting varies with the 
character of the liquid to be sprayed. A thin liquid-like lacquer 
can be handled with a pressure of 18 or 30 pounds to the square 
inch. The lower the presBure at which one can work the better, 
as it does not send so much of the liquid into the air of the room. 
Thirty pounds is sufficient for heavy paints or dope. 

A room should be properly ventilated where spray painting is 
beinff done. When a medium like dope is being used the air 
shoidd be warmed as it enters the room, and should be drawn 
out from near the floor, as the gases from the medium are heavier 
than the air. If this is done the air of the room can be kept 
quite clean and free from injurious fumes. 
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By a. J. A. WALLACE BARR 

Hlitoi7 ot Dope. — At tlie present time all dopes used haVe a 
base either of celluloee acetate or cellulose nitrate, the former 
being the basis of non-flammable celluloid, and the latter, 
oelMose nitrate, which is another name for guncotton, being 
the basis of celluloid. It must not, however, be supposed that 
these materials have always been used for the purpose of proofing 
fabric coverings of aeroplanes, etc. 

In the very eariy days, the wings, rudders, etc., were covered 
with unproofed cotton, which was stretched as tightly as possible, 
no attempt being made to make the fabric either petrol, water, 
air, or oil proof. In point of fact, it is very probable that the 
early pioneers did not realize the necessity of these -points, for 
their machines were only used in the best possible weather, and 
they had no oppori^unity of learning the tremendous loss they 
suffered by using fabric which was not airproof. However, 
they soon began to realize the necessity of some form of proofing, 
and immediately started to use rubber fabric similar to that 
employed in the manufacture of balloons, although of a lighter 

This material was very advantageous for the purpose owing 
to' the fact that it could be easily joined with rubber solution, 
and was perfectly waterproof. On the other hand, this fabric 
slackened off in wet weather, and the rubber became decomposed 
by the oil from the engine. This class of material was then 
abandoned in the majority of cases, although the late S. F. Cody 
utilized rubber- proofed material doped with cellulose acetate dope 
for the machine on which he won the Military Trials in 1912. 
This, however, was an isolated case, and the majority of con- 
structors turned their attention to various varnishes with which 
they endeavoured to treat their fabric satisfactorily. Boiled 
linseed-oil was tried, but proved unsuccessful. Later, collodion 
solution containing castor-oil was tested, but it was found that 
although this material had advantages in we^ht, tautness, and 
other respects, the high inflammability of the film made its use 
somewhat dangerous. 

1 of hoatOitia* iu 
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Some of the early school machines in this country were doped 
with a solution of sago, and this was found quite successful, 
although the slightest change in the humidity of^the atmosphere 
adected the tautness. At a later date various varnishes were 
tried, also caeein Bolutiona; but all these materials had various 
properties which made them unsuitable for use. Finally, however, 
m 1910, dopes with a base of cellulose acetate came into fairly 
general use. 

These dopes were easy to apply, quick drying, and the film 
was found to be thoroughly water, oil, petrd, and air proof, the 
film, in addition, tightening the fabric, and thereby increasing 
the speed and efficiency of the machine, and also ledudng the 
inflammability. From that date onwards acetate dopes held 
a leading place in this country, and it was not until after the 
outbreak of war, when the shortage of supplies of acetate 
of cellulose beoame acute, that nitro-( ellulose dopes were again 
considered. From then onwards various dope manufacturers 
have manufactured nitro-celliJose dopes, in some cases for use 
on all classes of land machineK, but in the majority of cases for 
use on home service school machines only. 

With regard to the early dope, whentheueeof tetrachlor-ethane 
as a softening agent and solvent was employed, this material was 
found extremely suitable so long as it was absolutely pure, and 
provided the other materials were the best that could possibly be 
obtained. However, with the shortage of materials after the out- 
break of war, it was found that the tetrachlor-ethane set up 
decomposition, and the doped fabric rotted after a very short 
period of weathering. 

The vapour of tetrachlor-ethane also had a toxic action on 
the workers, and in 1915 there were a considerable number of 
deaths through its use amongst the operatives employed. The 
Home Office laid down stringent regulations with regard to 
ventilation, but even then it was felt that the use of dope con- 
taining this ingredient entailed a certain amount of risk, and 
this type of dope was finally abolished in the year 1916. 

It IS, however, a very open point whether this type of dope 
was abolished owing to its poisonous nature or owing to the fact 
that it was impossible to obtain the necessary pure materials 
for its manufacture. 

When the researoh work which was carried out regardii^ 
decomposition of tetrachlor-ethane dopes proved that the action 
was due to certain rays of sunlight, the Royal Aircraft Factory 
produced a dope covering containing certain pigments which 
entirely kept out these rays. This covering also served a twofold 
purpose by providing an excellent camouflage for machines em- 
ployed inland operations. It was known as P.O. 10. 

After the abolition of dopes containing tetrachlor-ethane 
their place was taken by non-poisonous dopes; but, notwith- 
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standing their title, the Home Office still insist on the same 
amount of ventilation, and the use of pigmented covering is atill 
continued, not only on account of its camouflage properties, 
but also oa account of the very excellent results obtained by its 
use. 

During this period the pigmented covering, or P.O. 10, was used 
only for the top surfaces of the planes and sides of fuselages, etc. 
— that ia, those parts of the machines exposed to direct sunlight. 
The covering for the under auifaces of machines was a material 
essentially similar, in all respects, with the exception that the 
pigments were omitted. Tius dope covering was aUo a R.A.F. 
product, and known, as V. 114. 

From the middle of 1916 to the beginning of 1918, practicaUy 
no change in the composition of dope and dope coveriags was 
made, but in the beginning of 1918 the shortage of raw materials 
rendered it imperative to eliminate the use of the nitro- cellulose 
dope coverings, and it was decided to substitute oil varnish 
in their place. It was further decided that the under surfaces 
of the planes for land work need have no protective covering 
over acetate dopes, although it was decided to continue to coat 
the under Burfaoes of seaplanes with transparent oil varnish after 
doping, the top surfaces of both land machines and seaplanes 
being covered with pigmented oU varnish. 

The varnish of this nature, although £Uing to a certain extent 
the function of the nitro-cellulose covering, dried slower, and 
therefore tended to reduce the output, and it is very doubtful 
whether it could be used successfully in the field for repair 
purposes. This point, however, remains to be seen. 

Properties ol Dope.— After the woodwork of the machine is 
completed the fabric is attached to various components which 
need covering, and is stretched aa tightly as possible by the 
worker. No matter how tightly they are able to stretch it, it is 
necessary that it should be shrunk still further in order to obtain 
the maximum efficiency and safety for flying. In addition, 
it is necessary to proof the fabric against varying conditions 
which have to be met with on active service. The dope is used, 
therefore, to f ulfil the following functions and conditions: 

1. To tighten fabric. . 

2. To fill up the interstices between the warp and the weft 

of the fabric so as to prevent the penetration of wind 
and moisture, and to make the surface of the fabric 
smooth in order to reduce the skin friction. 

3. To prevent contraction and expansion of the fabric 

during the varying weathers and varying tempera- 
tures. 

4. To be petrol and oil proof, and to be capable of being 

washed and cleaned. 
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ApplljCation ol Dope. — The dope must be applied in an approved 
dope shop, having a temperature of between 65° and 70° F. 
The air in tltis dope shop must comply with the Home Office 
regulations r^arding ventilation. 

It 18 essential that the fabric is thoroughly dry before the dope 
is applied, and it is also essential that the atmosphere of this 
dope shop contains the minimum humidity. This is necessary 
owing to the rapid evaporation of the dope solvents, causing 
a reduction in temperature, which causes moisture to condense 
on the dope film, thus turning it white. 

The usual method for application of dope is by means of a 
brush, and the use of special covered dope cans is advised. These 
cans prevent evaporation, and so keep the dope at a uniform 
viscosity. 

Application by Spnr. — Attempts have been made to spiay dope, 
but so far without much success — except in the case of nitro 
dopes and nitro dope coverings. Acetate dopes are not suitable 
for spraying, owing to the fact that the solvents evaporate before 
the dope reaches the fabric and the cellulose is precipitated. 
Nitro dopes, however, do not behave in this manner, owing to 
the fact that the solvents used are less volatile. 

Dope Coverlnsg. — Reference has already been made to dope 
coverings F.C. 10 and V. 114, and although these materials 
are essentially suitable for use both for home service and in 
Burope, it has been found that they are not suitable for use 
in tropical climates owing to the fact that the dark surface 
of P.O. 10 tends to absorb the heat, causing the temperature 
inside the plane to become too high, with the result that warping 
and twisting of the framework of the doped component isliable to 
take place. In order to obviate this, an aluminium, or in some 
cases white, covering is used in tropical climates. 

This material is essentially the same as P.C, 10, with varia- 
tion of pigments in order to produce different colours. For 
night flying also a different covering is used, and for this purpose 
a dark green colour is foimd to be most suitable. 

Oermaa Dope.— The Germans in doping their aeroplanes appear 
to follow very closely the methods used in this country in so 
far as the raw materials are concernedl and although they used 
both acetate and nitro dopes before the war, they are now 
apparently confining their attention to acetate dope. This is 
probably accounted for by the fact that Germany was before 
the war the largest producer of ceUuIose acetate, and produced 
a very high quality material. 

In addition, their resources for solvents, etc., are excellent. 
Having regard to these facts, it is somewhat surprising to notice 
to what extent the quality of the German dope has deteriorated 
during the progress of the war; but this deterioration is only a 
parallel instance of the very rough finish they give to their 
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machines, and probably they only produce a dope which, in 
their opinion, will last aa long as the average flying life of a 
machine on active service. 

The Germans at the beginning of the war used acetate dope 
and GOTered it with tiansparest oil varnish; but at a later date, 
for oamonfiage purposes, and also for means of identification, 
they commenced to nee oil and spirit paints, apparently paying 
very little regard to the high increase of weight thus caused. 
At the end of 1917, however, they commenced to use a camouflage 
fabric. This fabric was printed in various colouiings, the chief 
of which were yellow, mauve, pink, blue, and green, and overthis 
a very thin layer of dope was placed, the dope deposit being 
considerably lighter than the weight insisted upon by the 
authorities on this side, and, in addition, no covering of any 
sort was put over the dope. It has been found, however, from 
experiments made on fabric from captured machines, that the 
printed fabric faded rapidly when exposed to sunshine, and 
even this latest dope deteriorated very much faster than our 
English materials. 

Doping for Commercial Maohinei. — The question of doping 
for commercial machines for after-the-war purposes is a somewhat 
difficult one to deal with, as it is impossible to give any indica- 
tion as to what the ptobable price of the dope will be. It is 
almost certain, however, that the doping of machines will be 
treated in the same way as the painting of motor-cars, and it 
is hoped that they will not need to be redoped for a period of 
eighteen months or two years. Instead of the highly concen- 
trated dopes now used owing to the shortage of solvents, in all 
probability about seven or eight coats of very thin dope will 
be given, and this will then be covered with a suitable pigmented 
covering in order to prevent the. eSect of ultra-violet rays on the 
dope and fabric, and on top of this pigmented covering another 
dope covering will be given, which will be made to any desired 
tint preferred , by the user of the machine, or pi^ented dopes 
may be used to reduce the number of coats. 

One rather assumes that the mail-carrying machines will have 
■ a definite colour settled by the Government, and in all proba- 
bility the public passenger-carrying machines wUl also have a 
special colour; but for the privately owned aeroplane, the 
owner will have as wide a range of colourings to choose from as 
he now has for his motor-car. 
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PATENTS AND PATENT LAW 
By ARTHUR HUNT 

AppUoAtloiL— The necessary formB for an application for » 
j>atent foi the United Kingdom and the Isle of Man can be 
obtained on application to the Patent Office, 9, Southampton 
Buildings, Chanceiy Lane, London, or at the chief Poet Office in 
most of the large towns in the United Kingdom, " Instructions 
to ApplicantB ' are also obtainable at the Patent Office. Ap- 
plications may be either left or sent hy post, and must be made 
in the applicant's real names, and not in assumed oi trade names. 
The applicant must be the true and first inventor of the Invention, 
or he must apply with the true and first inventor, or he oan 
apply provided he has received the invention from abroad; 
and the application must be accompanied by two copies of the 
specification. This may either be a " Pro^'isional " or " Com- 
plete " specification. 

It is customary only to file a Provisional Specification with 
the application. This must contain particulars of the nature of 
the invention, and gives provisional protection. It should 
give a fair desctiption of the invention without too much detail. 
Drawings may be added if necessary, but not models. Pending 
the aotui^ grant of the patent this enables the invention to bv 
used and published. The fee payable on application is £1. 
The Complete Specification has eventually to be deposited, and 
this must be done within six months of the original application. 
when a further fee of £3 is payable. 

All fees are payable on stamped forms, and not otherwise. 
The Complete Specification can be left with the original applica- 
tion if it is desired to obtain a grant quickly, but often the 
inventor wants to protect his invention before he has fully 
worked it out, and he is thus enabled to obtain provisional 
protection for his work, although he cannot take proceedings for 
infringement until after the patent is actually granted, and 
then only for infringements after the date of the filing of the 
Complete Specification, so that delay is dangerous. If latei 
he discovers it does not come up to expectations he need not 

grooeed farther, and can so save the full fees payable with a 
omplete Specification. 

lis 10 ' 



by Google 



146 THE AEROPLANE HANDBOOK 

Title of Inrention. — Every specification must commence with 
a. descriptive title covering the subject-matter, which title 
becomes part of the patent. This must not be too wide nor too 
vague, and it is not intended that it should be the name by 
which the invention is to be generally known. 

Examination ot Speoifloation.— The Complete Specification 
when filed is examined carefully by the authorities, and if it is 
found that it has been wholly or in part included in any patent 
granted during the pievious fifty years' the applicant is usually 
given an opportunity of amending his specification. The ap- 
plication may, however, be wholly refused, though there is a 
right of appeal. 

Restriction of Applieotioil. — If the Complete Specification 
should include an invention not included in the Provisional 
Specification, the orig;inal appUcation may be allowed to proceed 
so far as the invention included in both specifications is concerned, 
and the claim ior the additional invention which is included in 
the Complete Specification may be treated as a separate applica- 
tion for that invention. 

Inspection of Speqifleations.— When a Complete Specification 
is accepted the fact is advertised in the Official Journal of 
Patents, and the specification and drawings are open to the 
inspection of the public. Anyone wishing to be informed when a 
Complete Specification for any particiJar invention has been 
accepted can be furnished with the information on forwarding 
the prescribed form bearing a 5s. stamp. The Official Jouiua! 
of Patents will be found at many Public Libraries throughout the 
kingdom. Within two months of this advertisement the grant 
of the patent may be opposed on various grounds by notice given 
at the Patent Office, 

ImproTements. — A " Patent of Addition " for any improvement 
in an invention can be obtained, and may be granted for the 
unexpired term of the oiiginal patent. A fee of £1 is payable 
on tlus application, but no fees ate payable for its renewal. 

Inftinganent.— Proceedings for the infringement of a patent 
cannot be instituted until the patent has been actually granted. 
Threats of legal proceedings in respect of any alleged infringe- 
ment of patent may be stopped by injunction, and damages, i:' 
any are sustained, can be recovered if it can be shown thai 
such alleged infringement was not, in fact, an infringement of any 
legal rights of the person making such threats. 

AssigiUQent. — A patentee may assign his patent for any place 
in or part of the United Kingdom or Isle of Man as efFectualiy 
as if the patent were originally granted to extend to that place 
or part only. 

Term of Patent. — Patents are granted for fourteen years 
subject to the payment of the prescribed fees, which become 
payable at interv^s. It is possible in some oases by petitioning 
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the Court to obtain a further extension fo; a further seven or 
fourteen years, and particularly if it can be ahown that a patentee 
has not been adequately remunerated by hia patents. 

LapH of Patenta.^Patents lapse if the fees are not paid as 
they become due, but an application can be made for a lapsed 
patent to be restored on payment of the prescribed fees, and 
if good reason can be given for the omission of payment of 
the fees. 

Rflgilter of Patents.— A Begister of Patents ia kept at the 
Patent Office, where all assignments of patents or grants of 
licences under patents should be registered. 

Deoeued Inraitor. — Patents may be granted to the legal 
representative of any person claiming to be the inventor ^o 
has died before making his application. 

Lost Patents. — Sealed duplicates of patents lost or destroyed 
may be obtained. 

Record of Patmts. — An illustrated journal of patented in- 
ventions, giving reports of patent cases and other infonnatlon. 
is issued by the Patent Office, and copies of all Complete Spcsi- 
fications of patents in force, together with drawings relating 
"thereto, are also obtainable by the public from this office for a 
small charge. 

Secret Patmts. — The inventor of an improvement in in- 
struments or munitions of war may assign the invention to the 
Secretary of State for War or the Admiralty, in which case the 
Secretary of State or the Admiralty may before the publication 
of the Complete Specification certify that it is in the public 
interest that the particulars of the invention, and the manner 
in which it ia to be performed, should be kept secret, in which 
case the documents are left in a sealed packet instead of being 
lodged in the ordinary way. 

Intemational Patents.— An International Convention exists 
between Great Britain and various Colonies and States. The 
application in each must be made within twelve months of the 
first application, but it is possible to get this time extended for 
three months, but not more. An applicant in any one of the 
States in the Convention may obtain priority in any other 
of the States during this twelve months. 

Patent Office Library.— The Free Library of the Patent Office 
ia open daily. The Colonial and Foreign patent laws may be 
consulted there, in addition to the patent specifications of various 
countries. 

Patent Agents. — Applicants can always obtain the assistance 
of patent agents, and it is generally wiser to adopt this course 
in preparing the specifications. A register of names is kept at 
the Institute of Patent Agents, 
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THE HEAT TREATMENT OF STEEL* 

By J. M. E0GER8, M.E. 

The heftt treatment of Bteel is of great importance in aero- 
plane oonBtiQGtion. Aeroplane fittings and engine jMTts should 
be made as light as possible without impairing their strength. 
The steel from which they are made should therefore have the 
greatest possible strength and sufficient resilience to resist the 
shocks to which fittings or engine parts are subjected. For steel 
to attain the above properties it is necessary that it receive very 
careful heat treatment. 

The three principal reasons for heat treating are to harden and 
toughen the steel, and refine its structure. There is always a 
great deal of uncertainty as to the physical condition of steel 
that has not been heat treated. Several portions of a bar or 
forging may have been finished at difEerent temperatures or one 
bar or forging may have been finished at a higher or lower 
temperature than another. These conditions would cause a varia- 
tion in the physical properties of the steel, which would not be at 
all desitaUe. 

It will also be found that the structures of steel castings and 
drop forgings which have been finished at high temperatures 
are very coarse. All important steel castings and drop forgings 
should be heat treated for the purpose of refinement, as a coarse 
Btruoture greatly impairs strength and ductility. It is evident 
from the above statements that it is necessary to heat treat steel 
when the best physical properties obtainable are desired. 

There are five different structures ^ound in steel: austenite, 
martensite, troostite, sorbite, and pearlite. When a piece of steel 
is heated to a temperature above the critical range— i.e., tempera- 
ture range over which the transformations of structure take place 
— the structure becomes austenitio, and this transformation is 
accompanied by a refinement of grain. As the piece is slowly 
cooled through its critical range, there is a transformation from 
an austenitio to a pearlitic structure, the steel passing through 
the transitional structures in the order given above. The physical 
properties of these structures for carbon steel are given m the 
table on p. 149. 

* R«pi«>duced from Aviation, New York. 
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The aompleteness of this transformation depends upon the rate 
of cooling throughout the critioal i&nge. The tranefonnation 
from austenlte to marteuBite ia very rapid, and auatenite is nevei 
found in commeroially heat- treated steel except in the special case 
of austenitio alloy steels. 

A high carbon steel quenched from above the critical range 
will contain a large percentage of martensite, but as the carbon 
content decreases the structure becomes troostitic or sorbitic. 
After quenching, there are internal stresses in the steel resulting 
from the rapid cooling, and it is necessary to draw — i.e., reheat 
the piece to a temperature below the upper limit of the critical 
range — in order to remove them. The higher the drawing tem- 
perature, the greater is the tendency for the steel to become 
peariitic; and by properly choosing the drawing temperature any 
desired completeness of this transformation may be obtained. 

The physical properties of steel may be greatly improved by the 
addition of certain elements. Nickel, chromium, and vanadium 
are used to a great extent. The steels to which these elements 
have been added are known as alloy steels, \ickel increases the 
hardness, toughneas, and tensile strength, with only a slight 
decrease in ductility; chromium imparts great hardness; and 
vanadium gives a very good combination of strength and tough- 
ness. All of the above elements increase the elastic ratio. Alloy 
steels can be greatly improved by heat treating. 

The determination of the proper quenching temperature is of 
great importance. The steel must be heated sufficiently above 
the critical range to refine the structure and give the maximum 
rate of cooUng on quenching as the temperature passes through 
the critical range. The location of the critioal range can be 
determined from a thermal curve, and usually can be obtained 
from the manufacturer of the steel. 

The question as to how far above the critical range the quench- 
ing temperature should be depends upon a number of considera- 
tions. There is a tendency for the crystals to grow when the 
steel is heated above its critical range, and the rapidity of this 
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growth imneaBes with the tempeiatuie. Therefore it is aot de- 
sirable to heat the steel any more above the critical range than 
neceasaiy, oi to hold it at that tetnpeiature any longer than 
necessary. 

If the grain of a piece of steel is very coarse, it is necessair 
to heat it consideiably above the critical range to refine the ateel, 
but the resulting structure will not be as nne as it would have 
been had the structure bees finer at the start. This difficulty may 
be overcome by heating the piece suffioiently to refine it, then 
cooling slowly or rapidly, and reheating slightly above the critical 
range, and finally quenching. 

The size of the piece and the temperature drop between the 
furnace and the quenching bath are important considerations in 
determining the proper quenching temperature. In heating a 
piece of steel to its quenching temperature, the furnace tempera- 
ture should be brought up slowly enough to give a uniform heat, 
and the piece should be permitted to soak at the quenching tem- 
perature for a few minutes only. The temperature of the quench- 
ing medium should not be permitted to vary sufficiently to 
appreoiably affect its quenching speed. There are quenching oils 
which will give uniform quenching speeds over large temperature 
variations. 

Steel is drawn after quenching in order to remove any strains 
resulting from the rapid cooling, and to toughen it if it has been 
made too brittle. The time of drawing depends upon the sixe 
of the piece, a longer time being required for larger pieoes. 
A salt bath is very satisfactory for drawing at low temperatures. 

The Bucoessful beat treating of steel depends a great deal upon 
the furnace man and the equipment with which he has to work. 
He must be able to regulate his furnaces accurately; use his 
judgment as to whether the steel is up to furnace temperature, 
and look after a number of small details, such as the arrangement 
of the steel in the furnace, the method of quenching, the location 
of the pyrometer fire iron in the furnace, etc. 

The fumacea should be so constructed as to give uniform heats 
and absolute temperature regulation. An accurate pyrometer 
is absolutely essential. The potentiometer and high resistance 
types of pyrometers are most accurate, and it is quite important 
that they be compensating for cold end corrections. 

It is quite important that there be a constant check kept upon 
the heat-treated products by making physical testa and mioro- 
soopic examinations of the Btruoture. In this way any irregu* 
laritiea in physical properties and structure are immediately 
detected. To obtain a uniform heat-treated product, it is very 
important that there should be no appreciable variations in the 
chemical composition of the steel, and frequent chemical analyses 
should be made to detect any such variations. 
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SPINNING* 

By GEOEGE H. BETTINSON 

Most pilots, more cBpecially pupils, are sure to experience some 
time during their caieer a " spin." Ttese few notes, therefore, 
are written in the hopes that they will save some aocidents 
caused by careless and inexperienced pilots, who are in nine 
cases out of ten directly responsible for their machines " spin- 
ning." 

Spinning arises from " side-slipping." Side-slipping is of two 
kinds: (1) Outwards side-alip, and (2) inwards side-slip. 

When a spin occurs a pUot must immediately ascertain which 
of these his side-slip is, and also whether his air speed is normal 
or abnormally low. The former is almost always known when 
it is possible for the flier to be aware that he is turning (i.e., 
when he is not in a fog or a cloud). The air speed can only be 
known with any assurance from the air speed indicator. 

In general, when a machine gets out of control, the first thing 
to do is to throttle the engine right down immediately. Then, 
if there is fair height, the machine should be dived. If there is 
not room to do this there will probably be a smash in any case, 
and it is accordingly better that the engine be switched right 
ofE so that all danger of fire is avoided. 

The problem of spinning is best considered on the stable and 
unstable aeroplane separately. 

1. If the aeroplane is a stable one, and the speed coneot, 
side-slips in nine cases out of ten correct themselves. Suppose 
the side-slip is caused by the pilot doing too wide a turn with 
an excessively heavy bank, the aeroplane will, under gravity, 
side-slip towards the ground, and tho resultant aide- wind directed 
upwards from the earth will tend rapidly to re-align the planes, 
thus curing the side-slip, if there is space enough. 

2. On the other hand, if the speed is correct but the aeroplane 
unstable, the only way a spin can occur is by the fin surface 
aft being inadequate or else wrongly disposed The flier's best 
course of action is to throttle down his engine and dive the 
machine for speed recovery, at the same time firmly holding his 
judder appropriately — the straight position is generally best. 

* Eeprodnoed from The Aeroflant. 
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We have now considered the causea of slipping on stable and 
unstable aeroplanes, given that the air speed in each case is 
correct (i.e., normal or sLghtly abnormal). We will now con- 
sider the oases of the unstable imd stable aeroplanes with the 
speed too slow. 

3. Several conditions luay occur in various unstable aero- 
planes. 

(a) The fin surface alone or the fin surface plus rudder surfare 
may be inadequate. 

(61 The rudder reaction may be too strong for the pilot to 
master it. 

(c) The total fin surface aft (i.e., fin plus rudder) may be exces- 

{d) The operation of the wing controls at extreme slow speeds 
may produce spinning tendencies. 

(e) The fin surface may be unsymmetrical below and above 
the body of the aeroplane. 

In (o) and (6) the pilot should hold the rudder firmly straight 
and dive for speed recovery, or the rudder may be slightly turned 
in opposition to the direction of the spin. 

(c) This case is most unusual. The effect of too large a fin 
area aft would probably only be got by adding to the fin area 
the area of the rudder, which is supposed to be held rigid. The 
remedy is to let go the rudder for a moment and dive the maohine 
whilst she re-aligns and becomes controllable again. 

In (d) the only occasion when a spin can arise is when an 
underbanked turn is made, presumably because the machine is 
very near the ground. The mere fact that there is a spin tends 
to raise the outer wing, which is revolving at a greater speed. 

Xiet US suppose now that the pilot for some reason or other 
is trpng to avoid the bank. He accordingly pulls the inner wing 
flap down in order to increase the lift of this wing, but, much 
to his surprise, unless he is an experienced pilot, his action (con- 
trary to the eSeot at normal Hying speeds) diminishes the lift 
of this wing, thereby increasing the bank. This action certainly 
gives the aeroplane its proper bank, but at the same time it 
also causes a more rapid spin around the inner wing tip, and 
there will be a smash unless there is sufficient ground clearance. 

The general instruction in {d), therefore, to the flier whose 
air speed is abnormally low is to turn the outer flap down, which 
will retard the spin. We learn by this that lateral control effects 
are reversed at stalling speeds. 

To oontiuue, the moment the aeroplane is straightened out 
by this inverted action the pilot should open the engine " full 
out " in the hopes that the machine will attain sufficient speed 
to avert a serious " pancake." 

The moral, therefore, of the latter case is, never to attempt a 
turn with the speed of your machine near stalling point. Un- 
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fortunately, this particular form of error ia one in wiiioh there 
ate special exouees for falling into. 

For example: If the .aeroplane ia over ground which cannot 
be alighted upon, and the engine sudde^y "peters out," the 
flier will want to do two things: (I) Turn the machine back 
towarda good landing-ground just quitted, and {2) maintain as- 
much height aa possible. 

The writer himself has experienced this when flying a machine 
over the East Coast. In trying to avoid awne telegraph-wirea 
on the olifis, the act of turning caused considerable loss of 
apeed, and consequent loss of height, and the machine, which, 
by-the-by, waa a stable one (a B.E.2g.), got into a apin, ending 
in a nose-dive into the compromising place he was trying to 
avoid — the sea. 

Case (e) generally applies to small acouting aeroplanes having 
large eneines in relation to their size. When flying at low speeds 
the awirlof the alip-stream aftecta the unsymmetiical fin surface, 
creating a bank at stalling speed. 

i. Stable aeroplanes with speed tbo slow; First, considering 
outward side-slips under each of the different heads given in 
paragraph 3 — 

(a) Is non-exiatent. 

(6) The rudder must be held firmly straight. 

(c) Is non-existent. 

(il\ The remedy is the same as when the speed ia normal. 

(«) Ditto. 

Inwards side-slips generally only occur with stunt fljing, except 
in the case of flying in a cloud or in a fog, when the machine 
may unwittingly be held on a bank with the rudder in a straight 
position, giving the same results as an inward side-alip due to 
an over-banked turn. The remedy ia to out out the engine and 
hold the rudder over in the direction of the side-slip, then dive. 

As aoon as the machine ia moving almost vertically down- 
wards the rudder must be kicked straight and the elevator pulled 
gentry backwards. (N.B. — This procedure haa been confinned 
experimentally in the air.) 

It does not appear worth while to discuss cases (a) to (/) 
separately. The main point that the pilot must remember ia 
never to fly his machine at an air speed which is practically 
stalling point, and this rule ia very eaaily observed if the pilot 
will watch his indicator board closely. 

Stalling and flying too slowly: Some pilots have a natural 
tendency to judge the apeed of their mainlines by their ground 
apeed, and seem to forget entirely that " ground speed ' ia an 
entirely different speed from " air speed." 

A pilot should always be very careful when turning a machine 
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trom flying against tlie wind into flying with the wind. Having 
turned a machine down wind, she may appear to be flying quite 
fast, but in leality the aii speed may be. almost on stalling point. 
Thus, foi example, if the pilot is flying a 40 m.p.h. aeroplane 
{40 m.p.h. being the lowest speed at which she will not stall) 
against a 20-mile wind, an air speed of 40 m.p.h. is quite safe 
(M m.p.h. being the ground spe^). Now, when the pilot turns 
the machine down wind he is only just safe at a ground speed, 
of 60 miles an hour, and in reality, although the machine in 
relation to the ground beneath him is travelling at an eDcsmous 
speed, he is only jnst inside the limit of stalling speed. 
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AIR SPEED INDICATORS— THE PITOT TUBE* 

By WINSLOW H. HEESCHBL 

Thbre are two dangers which an aviator must gii^rd against 
by the use of & speed indicator. Too low a speed may lead 
bo stalling — that is, the speed is so low that the weight of the 
aeroplane is not sustained — and, on the other hand, too high a 
speed ma^ cause ezoessive stress and possible breakage. The 
speed indicator must be independent of the engine, because it 
is in gliding, with the engine still, that excessive speed is most 
lilcely to occur. On this account no form of engine tachometer 
can fulfil the purpose of the air speed meter. 

Speed indicators, in general, consist of two parts — the head, 
which receives the impact of the relative wind, and the gauge, 
which must be placed within view of the pilot. It is important 
that the head should be placed sufficiently far from the body so 
that it will not be influenced by eddy currents, and a portion 
near a wing-tip seems preferable. Even when so placed it 
must be remembered that the disturbance produced by a body 
passing through the air extends some distance in front of it. 
On account of the considerable distanoe between the head and he 
^auge, the connection between them should be easily changed 
in length without causing a change in the indications of the 
instrument, as otherwise, ii the instxnment were applied to another 
make of aeroplane, a new graduation of the gauge might become 
necessary. 

While, strictly speaking, all types of speed indicators, with 
the exception of the rotary anemwueter, have to be pointed 
directly into the wind in order to give correct readings, the angle 
between the relative wind and the direction of 8igbt would be 
so small, in the case of a high-speed aeroplane, as not seriously 
to invalidate the readings of the indicator. It is therefore pos- 
sible to fix the head permanently in the direction of flight, which 
avoids the undesirable complication of mounting it on a wind 
vane. It would be desirable, however, to mount the instrument 
so that it could be tilted when the angle of incidence was changed, 
as otherwise a greater error might be introduced than would be 
caused by the absence of a wind vane. 

• Reproduced from Aoiation, Now York. 
16fi 
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As an aeroplane does not always remain in an upright position, 
any instrument should be constructed so as to be independent 
of the effect of gravity, and, if so designed, it would also be inde- 
pendent of the efieot of vertical acceleration. 

In the great majority of cases the determination of true velocity 
is of secondary importance, so that it is practically no objection 
to a speed indicator if correction has to be made for air density 
when the true velocity is desired. On the other hand, it is an 
important advantage.if no correotion has to be made to the read- 
ings in order to find the relative sustaining power. 

The principal types of speed indicator, which are to be oon- 
sidered with respect to their fitness for aeroplane oonditions, 
ate the rotary anemometer, pressure plate, Pitot tube, and Ven- 



I 
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turi tube. Speed indicators of the true anemometer type, suoh 
as the Robinson anemometer, are affected little, if at all, by 
changes in air density. 

A speed indicator adapted for aeroplanes made originally by 
Wilhelm Morell, of Leipzig, by combining a Bobinson anemo- 
meter with a tachometer of the centrifugal pendulum type. Such 
an instrument should be very serviceable if used primarily to 
determine velocity rather than safety in flight. 

The pressure plate is objectionable on account of the large 
head resistance, and the necessity of having a rigid connection 
between the head and the gauge. There is also considerable 
doubt as to the extent that the indications of suoh an instrument 
are affected by differences in air density. If pressure plates 
and rotary anemometers are omitted from further consideration, 
the Pitot tube and Venturi tube remain as the most important 
types. We shall now deal with the Pitot tube. 
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The Pitot Tobb. 

In the Pitot tube tlie head consists of a dynamio openiiig point- 
ing diieotly into the ourrent, and a static opening at right angles 
to it'. If the two openings are conneoted to the two sides of a 
U-tube manometer containing a liquid of density d, while the 
density of the air in which the Pitot tube is placed is />, the 
velocity of the air may be obtained from the fonnula — 

'e ... (1) 



v-c^M 



where k is the head shown on the manometer, g is the aooeleca- 
tion of gravity, 32-17 feet-seconds squared (9-81 metrea-Beoonds 
squared), and <7 is a coefficient to be deteraiined by experiment. 
In the case of a Pitot tube used on an aeroplane, 7 would be 
the velocity of flight. 

It has been shown by Rowse* that with proper care in the design 
and use of the Pitot tube may, for all practical purposes, Le taken 
equal to unity. To give oorreot readings, the static tube must 
be constructed with great care, though ahnost any form of 
dynamio opening will give good results. The dynamic tube 
must be pointed directly against the ourrent, which is not possible 
when there is turbulence, and there must not be rapid variations 
in velocity, as the velocity calculated from the average head, indi- 
cated by the gauge, is not the true average velocity. 

It has been claimed by some experimenters that a different 
value of C was obtained according to whether the tube was 
calibrated by moving it through still aii or placing it in a ourrent 
of moving air, but Fry and Tyudall-f' have shown that for vetooities 
above 11 miles an hour (17-7 kilometres) both methods of stan- 
dardization gave the same result. This shows that if the tube is 
of a form found by tests in moving air to have a coeffioient of 
unity, then the coefficient C in Equation 1 may be taken equal to 
unity when calibrating a speed meter by moving it through still 
air, W means of an automobile or on the aeroplane itself. 

If C is taken equal to unity, Equstion 1 may be writtea— 

"-Vl m 

and values of E taken from Table I. 

• W. C Rowse, Tranaacticm Amtrkan Sockly <^ ifccAontftd £n9in««r*. 
t J. IX Fiy sad A. M. Tyndall, PSiifMopAJcoi Magazint. 
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TABLE I. 
or K roB Eouatiok 2. 



To calcuUta the air densitj, p, the following qoantiliee miut be known 
IS aaaumed: 

fi=the barometric preasure. 
f=tbe temperature of the air. 

J'=preBaure of aaturated ateam at t degraes, from the steam tables. 
H=:the relative humidit]'. 

Then, in Englisii units, if B and P are in inches of mercury, 
and t in degrees F., 

p = I -327 ^ ~^g^^^^^^ pound8/feet» . . . (3) 

or, in metric units, if B and P are in millimetres of mercury, and 
i in degrees C, 

w 



273 + ( 

The calculations required by Equation 3 may be nvoided by the 
use of diagrams given by Eowse and by Taylor.* Hinz gives 
a diagram showing the gas constant of moist air which may be 
used in place of Equation 4. 

The above equations and table give all the data necessary to 
oaUbrate a Pitot tube. If the gauge is oonectly graduated 
and the apparatus is in good order, the head calculated from the 
observed velocity by means of Equation 2 should agree with 
the observed head, allowance being made for the difierencc be- 
tween the air density during test and that assumed by the 
maker of the instrument. 

In considering the error due to changes in air density, Darwinf 
mokes the usual assumption that there is a fall of 1 degree F. for 
every 300 feet (0-61 degree G. per 100 raetresl rise above the 
earth's surface. He gives Table 2, showing velocities indicated by 
a Pitot tube manometer, the actual speed being at all times 100 
miles (161 kilometres) per hour. 
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PiTOT Tjsbs Beadisus f 



Height. 


Spetd Readings. 


Spttd Beadivg^ 

Temperature 

Faain^ with Height. 


Feet. 


Metro. 


MOa. 


KUonutra. 


Mlla. 


KHimaTet. 








100-0 


160-0 


100-0 


160-B 


1,000 


305 


98-3 


lM-0 


98-6 


158-7 


2,000 


010 






B7-1 


158-1 


3,000 


014 


94-7 


1S2-3 


95-7 


154-0 






930 


149-K 


94-3 


151-S 


5.000 


1,634 


91-3 


147-0 


929 


149-7 



While the errors shown by the table are considerable, it should 
be remembeied that the safety against stalling is the same for a 
given manometer reading, whatevnr may be the density ot the 
air and the consequent error in the readings as an indication of 
actual velocity. 

Taking the weight of a cubic foot of air ae 0-0715 pound (1-145 
kilogiammes/metres^, Equation 2 gives a head of 1-15 inohes 
(29-2 millimetres for a speed of 50 miles, or 80 kilometres, per 
hour), which shows the desirability of magnifying the manometer 
reading. On account of the rooking of the aeroplane, this could 
not be done by using inclined columns of liquid such as are 
conveniently employed under other oonditions. Some advantage 
may be derived from the use of a diSerential gauge, and it is 
claimed for a manometer of this type, especially designed for 
aeroplanes, that the error is only 1-5 per cent, when the mano- 
meter is 10 degrees out of the vertical. 

It is thus apparent that the problem with the Pitot tube is 
to make a satisfactory gauge, without the use of liquids, which 
shall be sufficiently sensitive to give the required open scale 
readings at velocities approaching the stalling speed, and must 
also be durable enough not to sufier from vibrations and shocks 
experienced in landing. 
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METEOROLOGY 

Thk importance to aviation of the dissemination of traatworthy 
meteorological information 'wa.e strongly emphasized by early 
experiences in the war, when it was realized that knowledge 
available for those moving by land or sea was of little value to 
those moving in the apper air. In a lecture on Commercial 
Aviation early in 1919, Major-General Sir Frederick Sykes 
pointed out that the weather was still the natural enemy of 
aviation, notwithstanding the progress made. At that time 
there were thirty-one Royal Air Force meteorological stations, 
and he urged the necessity for increasing the control of the meteo- 
rological service by flying men. In a paper on Meteorology, 
Colonel H. G. Lyons, R.E., Acting Director, Meteorological 
Office, illustrated the risks involved in ignorance of atmospheric 
conditions by the fate of the Zeppelins which raided the British 
Isles in February, 1916. A deep depression moving rapidly 
eastwards resulted in the loss of two of the raiders off the coast 
of Denmark. 

The report of the Civil Aerial Transport Committee, issued in 
1919 [Cd. 9218] , contains among its appendices "A Report on 
Weather Service for Aerial Transport," signed by Lord Mont^u 
of Beaulieu and Major G. I. Taylor, "A Memorandum on B«- 
search in Regard to Meteorology," by Colonel Lyons, and a 
commentary on that Memorandum by Sir Napier Shaw, who 
insists on tie need of provision for studying the structure and 
properties of the atmosphere from the special point of view of 
aircraft. Lord Montagu uid Major Taylor say that the chief 
meteorological requirements for the guidance of Aerial Transport 
may be divided into three groups: (1) Statistical information; 
(2) Forecasts ; (3) Knowledge of the momentary meteorological 
conditions along aerial routes. Following are the chief passages 
from the Montagu-Taylor Report : 

1. Statistical Information. 

This would be useful for such purposes as choosing routes and 
the sites for aerodromes and buildings. The statistical informa- 
tion at present obtainable differentiates between areas of 50 or 
100 miles square ; for instance, between the meteorological con- 
ditions which are met with on opposite sides of a mountain chain. 
But there is as yet little information relating to the local variations 
in meteorological conditions. Statistics already collected are 
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available for determining such questions as whether it is better 
to leave Switzerland on the port or starboard hand in flying to 
Italy, or whether it would pay to go southwards b^ the Azores 
in flying to America. Statistical information available is not 
capable of discriminating between the average meteorological 
conditions of two alternative sites for aerodromes situated within 
a few miles, or even twenty or thirty miles of one another, except 
in so far as it shows which of the meteorological conditions are 
likely to be the same in two neighbouring sites. Statistics show, 
for instance, that the cloudinesa and rainfall in two neighbouring 
sites may be the same unless special circumstances interfere. On 
the other band, fogginess and windiness depend almost exclusively 
on such local conditions that the present statistics are of little 
use except for the actual station at'which observations were made. 
A small staff at the Meteorological Oifice would collect the 
available useful information, but such a staff would have to 
be directed by someone in touch with aeronautics, in order that 
the information might be collected and tabulated in the form 
most useful for flying. In dealing with wind statistics, for 
instance, it is more useful to know the number of hours during 
- which certain winds blow with certain strengths, and from the 
various directions, than to know the mean wind velocity or 
direction. It is advisable that a system should be organized by 
which observations are taken and recorded regularfy by aeroplanes 
travelling on defined routes. The work of collecting and com- 
paring these statistics and the superintendence of instruments 
might be undertaken by the Meteorological Office 

2, Forecasting. 

An extension of the present system in operation at the 
Meteorological Office should provide everything that can be 
expected in the present state of our meteorological knowledge. 

1. Extension of Range Covered. — Weather telegrams are already 
obtained from a few distant places, as Iceland, Cairo, and the 
Azores, and from ships by wireless. The number of distant 
stations could be increased and the range extended so as to 
include Russia, the Balkans, North Africa, and America. Before 
the war, the observations sent by wireless from ships usually 
arrived too late to be used in the forecasts, but the growing 
importance of messages from the Atlantic in connection with 
aerial transport will make it worth while to organize these reports 
in such a wav that the messages arrive in time. For this pur- 
pose, fuller co-operation with the Boyal Navy and the Mercantile 
Marine should be sought. By increasing in this way the number 
• of data on which forecasts are based, it will be possible to increase 
the size of the region for which the forecast is issued and to make 
it more accurate in all ways. 
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2. Extension in the Number of Weather GondUiOTis Predicted. — 
Forecasts might be much more useful to flying men if 
they were made to inelude the heights at which clouds are to be 
expected, and the velocity and direction of the upper winds. 
Such forecasta would be facilitated by increasing the number of 
upper air observations and of those on mountains. 

3. Knowledge of the Momentary Weathkr/ 

For this purpose the po^sent system is quite inadequate A 
continuous weather service would be necessary. All landing 
grounds would evidently be suitable weather observation stations, 
and continuous readings and reports could he arranged for, if 
necessary. In distributing information two systems could be 
used. Either the observations could be communicated at frequent 
intervals — say, every hour — to a Central Office, and could then be 
telegraphed or telephoned when required to aerodromes, or the 
observations could be taken only when required and telephoned 
direct to the termini. 

The chief difficulty which is likely to be experienced in this 
branch of the weather service is that of communicating the 
observations sufficiently quickly to the termini. It seems 

Sibable that the direct method would be quicker than the 
ntral Office method. Another point in favour of direct com- 
munication is that the observations taken at an intermediate 
landing-ground are only immediately interesting to the termini 
of the route on which it lies. These two points appear to us to 
outweigh the advantages of the Central Office method. If there 
is a direct telephone wire along the route or constant wireless 
communication, the whole problem is greatly simplified. If the 
ordinary telephone lines have to be used, some sort of priority 
will have to be arranged it they are to be of any real use. 

The height of the clouds is one of the most important things 
for a pilot to know. It would riot be difficult to fit a range- 
finder which would give the height of the clouds at a glance. 
The velocity and direction of the wind at various heights are also 
important, but it needs a skilled observer to make a pilot-balloon 
ascent, and even then the information is not available for about 
three-quarters of an hour after the balloon is sent off. On a 
clear day the upper wind at any particular height would be 
found in a few seconds by means of a smoke-shell fired vertically 
and timed so as to explode at the right height. 

One of the chief functions of the observers at the landing- 
grounds would be to report the appearance and disappearance of 
fog on their own aerodrome. A corps of such observers should 
form an integral part of the military or civil air services, as, in 
fact, they already form a part of the Royal Naval Air Service. 
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By Dr. GEORGE F. LULL, U.S.A. 

It IB not as easy as it would appear on the face of it to select 
a suitable glue joining two surfaces together. 

There are many adhesives that are called " glue " that do stiok 
WrtioleB together. We have a vegetable glue, made from starch, 
oausfio soda, and water, that will hold wood together under 
certain conditions. Gum arable and water glue papers together. 
Casein, borax, and water hold wood even under haJd oonditions, 
and sometimes come under the waterproof glue class. 

A glue made from animal products, hide fleshings, sinews, 
bones, and parts, is the true animal glue. It has the special 
property that on cooling into its place in a joint it possesses 
a distinct film with the body, and thus makes a better holding 
medium than many of the other adheuves which, however thick 
they may appear when made up or applied, after drying out in 
the film or joint become extremely thin or fade away to almost 
nothing. This feature of the animal glue gives it its great 
superiority over other compositions. Animal glue is a oolloid of 
about the formula C^gHmN^O^. Much research work is being 
done to-day to discover more regarding it. The fact of its being 
an animal product is the great obstacle to the work. 



A jacket 



Prepabahon of Glue for Woas. 



iketed kettle is absolutely necessary foe the proper dis- 
solving and cooking of the dry glue. No glue should be mixed 
with water in a pan and melted— cooked — over a direct flamel 
nor should a jet of live steam be used directly on the glue in a 
dissolving kettle, because it will inevitably be burnt, and its full 
value of adhesiveness destroyed. 

In general all animal glue should first be soaked up in oold 
water, first putting aiO, or the lai^er portion Af, the full amount 
of water that is necessary for the solution of the glue into the 
kettle. Then the glue should be added slowly, and oontinuously 
stirred with awoodeu paddle so that it will be evenly liquefied 

* K«pr(>dao«d (Mm Tht Aeroplane. 
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and no lumps of dir glue balls appear. This stirring may be 
continued at intervalfl, if necessary, to keep it well mixed. 

When properly soaked up, heat should be started, and the con- 
tents of the jacketed kettle gradually warmed up. This is one 
of the vital points of the preparation of the glue. With the 
stirring the mass of glue and water should be gradually raised 
to a temperature of 140 to 150 degrees F., and no higher, or 
the full strength of the glue will be lowered. It is not advisable 
to keep a batch of glue heated too long — say, two or three hours as 
the extreme limit. It is better to use up a smaller making and 
keep the glue fresher, and not allow it to skim over or make a hard 
orust on its surface. Also, it is better to make up only enough to 
use, and when done, empty out the kettle, clean it of all glue, 
and tben there will be no trouble with bad-smelHng glue. 



Watekpkoof GJloe. 

There are several chemicals that can be added to animal slue 
that will convert it on standing more or less into a waterproof pue. 
- The resultant w&teiproof glue generally is a variable product, and 
must be carefully watched in order to get conoordant results, as 
a light variation in the chemical or & change in the glue stock 
used may produce widely varying results. Formaldehyde formalin 
HCHO is largely used, and gives good results. This formal- 
dehyde should be used very carefully— not over 5 per cent, of the 
liquid solution at the most, and as low as 1 per cent, with some 
glues has very good waterproofing efleots. This formaldehyde 
must be added to the hot liquid solution of the glue just before 
using, making^ up only about enough for the work at hand, as left- 
over stock will ne of no value, having set or hardened. The 
percentage should be computed as to the dry glue — i.e., 100 pounds 
dry glue to start with to one-half per cent, of formaldehyde 
liquid. 

The didercnt bichromate salts, ammonium, aluminium, ammo- 
nia, chromate, ohromate of lime, bichrom&te of potash, chrome 
alum, etc., all containing ohromates, can be used to good advan- 
tage to convert animal glue to an insoluble waterproof gluE. 
Greater oare in handling these products must be taken, with but 
little exposure to light, and no overheating. The chromate must 
be dissolved in water and added to the glue mixture just before 
the removal from the kettle, or allowing only time for a thorough 
mixing at the point when ready to use. 

One per cent, of bichromate of potash would be a large dose, 
about the limit — i.e., 1 lb. ohromate to 100 lb. glue. Smaller 
proportions can often be used, all dependiujg upon the combina- 
tion with the glue. This must be determined individually for 
each different sample of glue, care being exercised not to add 
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auoh a quantity of the waterproo&Dg element u to cause the glue 
to go "stringy" or "liver up," A small sample — say 100 grs. 
of glue 150 gra. water — oan be dissolved up and when in good 
solution 1 gr, of bichromate of potash or ahrome alum substance 
oan be added. Besults should do carefully watched. 

Should the glue go stringy too much of the ohemioal has been 
added aud the process will have to be repeated, using about one- 
half as much of the chemical to the regular amount of glue aud 
water until a working formula has been established. I do not 
know of an absolutely waterproof glue made from animal glue 
that oan be bought on the open market. Good results can be 
obtained by following out the above directions. 

Some varnishes may be made stioky enough to hold wood to- 
gether. Shellac in alcohol also may do it. Many formulas are 
found published for making waterproof glues, but they should 
be tried very carefully before being adopted as a true working 
proportion. 
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METRIC CONVERSION TABLES* 

The tables given on pp. 168 and 169 are designed to be used for 
both metres (m.) and millimetres (mm.) since an oerojJane is a 
big thing built up of a lot of little ones. The figures as they 
stand, with the point in the place shown, are for raillimetrea 
converted into inches. To convert metres into inches (which can 
readily be turned into feet, if necessary), the decimal point is to 
be taken as occurring three spaces later, aa shown by the slight 
gap between the figures. 

To use the table for millimetres, the column headed O'O contains 
the English equivalent in inches of the even number of millimetres 
shown down the left side. These run from 1 to 40, and all tenths 
of a millimetre from 0-0 up to this figure are shown io the 
columns, progressing by one-tenth at a time to the right. To 
convert a number of even mm. greater than 40, it is only neces- 
sary to adjust the decimal point as shown .in the following 
examples. 

For 6-0 mm. take the figure opposite 6 in ool. headed 0-0 = 

0-23622 in. 
For 6-7 mm. take the figure opposite 6 in col. headed 0-7 = 

0-26378 in. 
For 67-0 mm. take this latter figure and, since 67-0 is 10 times 

greater than 6-7, move the point one to the right, which 

multiplies the result by 10 to agree = 2-6378 in. 
For 278-0 mm. take %ure opposite 27 in ool. 0-8 and move point 

one to right = 10-9449 in. 
For 2-78 mm. same figure, but point one place to the left (ten 

times lessl = 0-10944 in. 
For 275-0 mm. take 2-75 mm. and move the decimal point two 

places to right, since it is 100 times less than the figure 

required; or take 37-5 mm. and move the point one place to 

the right. 

For the conversion of metric measures, other than those of 
length, which are covered by the table, the subjoined schedule 
of conversion factors will be found of use, and will cover any need 
likely to arise. It is not always necessary to work to the full 



* Beprintod from T/it Atropltau. 
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number of decimal places given, bat the acouiaoy desired muet 
govern the factor used- 



Kilometres . , 
Square incbea 
Sqiuire oentimetret . 
BqDuaf««t .. 

Cubic inches 
Cubicjcentimetree . 
Cubio feet . , 
Cubic metres 
Cubic teeb , . 

Lb. ., ." 
KilogntnimeB 

Ounces (avoir.) 

Grammea 

Lb. per square inch 

KilogH. per square o 

Lb. per sqaore foot 

Kilogs. p«r square u 



0-62138 


UUes. 


6-4517 


gquftn centimetres. 


0-155 


Square inches. 


0092903 


Squ(u« metres. 






16-387 


Cubio oentimetres. 


0-061026 


Cubic inches. 


0-028317 


Cubic metres. 


3S-314 


Cubic feet 


28-317 


Litres. 


0-03531B 


Cubic feet. 


0'453S9 


Kilogrammes. 


2-2046 




28-348 




0035275 


Ounces. 


0-070308 


Kilogs.per square cei 




Lb. pec square inch. 


4-8820 


Kilogs. per eqnare n 


0-20481 


Lb. per square foot 



/rosiio™. 


DtcimaU. 


Mm. 


Inches. 


Mm. 


/nche*. 


Mm. 


Incha. 


Mm. 


Incha. 


t 

t 


0-002461 
0004621 
0-007382 
0-012303 

0-014764 
O-017224 


■A 

i 

1 


0-022146 

0-024606 
0-027067 
0-031988 
0034448 
0-036009 


0-01 
0-02 
0-03 
0-04 


0-000196 
0000393 

0-000787 
O'OOllSl 
0-001574 


0-05 
0-06 
0-07 
0K)8 
OKW 


0-001968 
0^)023«2 
0-002755 
0-003149 

O-00364J 
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a 
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7-20471 
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g 
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7-00786 
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1 
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6-60290 
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1 
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6-22046 
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S 
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4-29133 
4-33070 




3 


—2 1 



I,., ,_,dbyGoogle 






THE AEBOPI.ANE QA^DBOOK 



i 6 © © © 6 



o ^ o © ©o 



pi 

o©6 



ill lis 11 






ill 



ss sas "i- gis 

S2 m25 as" ag« 






r-— S«3 SvS ntow 
n« cD^n « oo u MOW 



by Google 



TABLES AND DATA 



iF:3 S|i iSg SS32 SSS 2gg uSS §1 = 
g55 SS3 SStS 35@ isi SSi ;:SS SSS 

6 6 d> o<6^ <6d><6 ooo oo6 ao& oo=> ^od> 



gsjS gt'S ^H"* S'*a 



S^ s @ 



iio 6o6 666 666 666 60 



4<Qia o^-' ^«i^ «iAin go ^ cb ^su) ^sro— ES«r» 

4<03n She- — « e lOZ-f oo«F- nF-~ 3o>0 S^oc 

41 t-H A e^-H oa«^ ^AV CO -^ 00 (pni-< ccvn oobv^ 

|5§ gSS 33g sis SSS iSS SSS SPS" 

s66 666 666 666 666 666 666 666 



660 666 666 666 666 



666 666 66 



Si 

ii 



666 666 666 



||, 



iSE 2S8 S8S S8 






66 666 666 



666 666 



IeI s|i t^^ 



666 666 666 666 666 



aa% SSS iSSS :!!3 SSS KSSS 3?3 3«« 



b, Google 



THE AEROPLANE HANDBOOK 

S3S gSS SgS SSS 8S3 JSS- g2S 

III 'SS. lis ^1- iii ii~ Ssi 

CO » oi ec 3 S & 2 n sSo ooS 00-> >>Z>« 

oo6 666 666 66-^ >-i-^^ ^iitA AAm 

s|| III sii is| IP sp ill 

sSs ssi sss ss| lis sis S2S 

666 666 666 66— ««-- ■i.ZiA A.1>A 

§si H|i £^§ sll 2^1 sH£ PI5 

ssa gig sai sss isf sis HI? 

666 466 666 66.:. Z-i --i AA-l. 

I?Sh S2S 3SS S^'S *'^s Bfloom 3 a** 

!2S2 sSs "S* *cs SSS 3SS Sbm 

3oSS m«a 3SS »SS SSS SS2 «^^ 

666 666 666 66-:' m--^-^ mAA A^^ 

nrtOD ^A«l 0>00 ^ — ?p O^t-^91 CCCOQO 41 A ^ 

x^9^ aeon mn<^ tf-'io O4<o^ £400^ r*t-40 

sSI s^i sss isi ill sis 22s 

666 «^66 666 66— -h--m m.1i« m~,^ 

SJS 2|S III 3S;S SR2 8§S SSt 

S»* Soo» S23 SfflS SSd £S w5S 

666 666 666 662 ^AA Z^Z Z'X.'Z 

SSS SSs CO « i~ —ioS 10 a> .* oorti- St-- 

3iS« 6r-e « 6 1^- "geja !-■*« Sr-w MOit- 

aS« «ES 3*S 5S5 SSS SS* wmo 

666 666 666 6©2 2-A 2-S 'S.Z'X 

|i2 ssi ssg iig Bsjg sgi iia 

aSsS SEs 33* SSS 3SS ss— 22S 

666 666 660 666 -- — -i- i~--^^ .A>--^ 

|S| S5S SgS S2S S33 |3g gSS 

S^S §«« aSS SSs SS3 sSS S— ^ 

666 666 666 666 .- — — ^^^ ■:^,:^,^ 

Sn^ «S-- 10 4- SiSS «(:•« »SS 59% 

Sto» >$«9 c-Sn Si--? ihasr- 3 m <^ (^^m 

&e5s9 eEr$ 9^t Q t e — '5J* b*c — «« 

^ ec CD OOQOgo ^ da 9 ^039 pop pop —--.-« 

666 666 666 666 X^Z Z.Z.Z .1.^^ 

35S 9SiS SSi SSZ SSS SSS 3!S8 

Digilized by Google 









TABLES AND 


DATA 




Ill 


III 


III 


III III 


III III 


Si 

S8 




ill 


III 


III 


ip ill 


III III 


zs 




III 


III 


ill 


III III 


III III 


11 




ill 


III 


III 


III III 


211 i^s 


ll 




ill 


III 


111 


III III 


III III 


II 




ill 


III 


Sia 


III III 


III III 


II 




III 


III 


ill 


s?i Is? 


III III 


ii 




III 


ill 


ill 


ill ?li 


III ill 


II 




ill 


III 


ill 


III ill 


ill ill 


if 




Hi 


Ssi 


sii 


^SS Si5 


III III 


11 




sss 


ese 


sss 


£E:e ess 


ass sss 


S3 { 



tl 

SS 
Jl 
|1 



b, Google 



0-S73 
1140 

1-719 



FUNCTIONS OP ANGLES IN RADIANS. 
CoBllia. TimgBnt EUdlMM. Degreee. 

9 40-11 |0-S443€ 
0-72 41-25 0' 
0-74 42-40 0-67430 

0-7B 4; 
0-78 4. 
0-80 4i 



4-011 
4-5S4 
5167 

5-730 
8-302 

6-876 



0-O7OO5O 
0-07991 

0-09006 »■ 



0-S2 
0-84 
0-8S 



7 0-12966 0- 

2 0-13946 D' 
i 014954 0- 

7 0-15031 

3 0-16906 0' 
0-17909 0' 



1 0-73116 
I 0-74470 

1 0-76794 



0-76473 I 

0-75164 ( 

0-73846 ( 

fl 0-72477 ( 

19 0-71080 ( 

:2 0-69675 1 

0-68221 ] 

0'66740 1 

0-65232 1 



50.42 ( 
51-57 C 

52-72 C 



13-75 

14-90 
1604 



8 0-96102'0-28769 



0-2B543 0' 
0-31454 0' 
0-33353 0- 



0-46175 fr 
0-47946 0' 
0-49697 0' 



7 0-44662 
0-47092 

0-49532 

1 0-52057 

6 0-54635 

7 0-57271 



30-94 
32-09 
33-23 



0-66473 0' 
0-58118 0' 
0'59716 0- 



g 0'68429 
8 0-71417 

2 0-74447 



i 0-90019 0' 

I 0-90863 0' 

7 0-91683 0- 

I 0-92466 0' 

J 0-93211 0- 

1 0-93909 0- 



I 71-05 C 

72-20 C 

73-34 f 

74-49 C 

75-64 C 

76-78 ( 

77-93 

79-07 
80-22 



1-42 
1-44 

1-46 



■97790 
0-08185 
-98546 0' 



i? 0-15011 ( 
:8 0-13024 : 
.6 0-11060 t 



e, indebted to the oourtaey ol Mesara. MftomQlan and Co., Ltd., for 

1 to quote these tftbles from "FiTe Vifiare Logarithmio mnd other 

tables," by Fraak CaBtle. 
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f 
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^ 
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OH 
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1-0408 
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0-9802 
0-9603 
0-9418 


039 
0-40 
0-41 


1-4770 
1-4918 

1-5068 


0-6771 
0-6703 
0-6637 


27 
2-8 
2-9 


14-800 
16-446 
18-174 


0-06721 
O-06O81 
0-05502 


0-OS 
0-10 
Oil 


1-0833 
1-1052 
1-1163 


0-9231 
0-9048 
0-8S58 


0-42 
0-48 
044 


1-5220 
1-5373 
■ 1-5527 


0-6571 
0-660S 
0-6440 


SO 
31 
3-2 


20-086 
22199 
24-533 


0^)4979 
0^^4505 

0-04076 


0-12 
0-18 
0-14 


1-1275 
1-1388 

1-1S03 


0-8869 
0-8781 
0-8694 


0-4S 
fr46 

0-47 


1-5683 

1-6841 
1-6000 


0-6376 
0-6313 

0-6250 


3-8 
3-4 
3-6 


27113 
29964 
33-116 


0-03688 
0-03337 
0-03020 


O-IK 
01« 
0-17 


I-IBIB 
1-1735 
MS53 


0-8607 
0-8621 
0-8437 


0-48 
0-49 
0-B 


1-6161 

1-6323 
l-e4M7 


0-6188 
0-6126 
0-6065 


8S 
3-7 
3-S 


36-598 
40-447 
44-701 


OK)2732 
0-02472 
0-0-2237 


0-18 
019 
0-20 


1-1972 
1-2093 
1-2214 


0-8363 
0-8270 
0-8187 


0-8 
0-7 
0-8 


1-8221 
2-0138 
2-2255 


0-5488 
0-4966 
0-4493 


40 
41 


49-402 

54-598 
60-340 


003024 
0-01832 
0KH65T 


0-21 
022 
028 


1-2337 

1-2461 
1-2586 


0-8106 
0-8025 
0-7945 


0-9 
1-0 
1-1 


2-4596 

2-7183 
30042 


0-4066 
0-3679 
0-3329 


42 
4-3 
44 


66-686 
73-700 
81-461 


OKH600 
0-01357 
0-01228 


0-24 
D'25 
0^28 


1-2713 
1-2840 
l-296e 


0-7866 
0-7788 
0-7711 


1-2 
1-8 
1-4 


3-3201 

3-6«93 
4-0662 


0-3012 

0-2725 
0-2466 


4-B 

4-6 
4-7 


90-017 
99-484 
100-95 


0-OUll 

0-01005 
0-00910 


0-Zi 
0-28 
0-2B 


1-3100 
1-3231 
1-3364 


0-7634 

0-7658 
0-7483 


1-B 
1-S 
1-7 


4-4817 
4-9530 

5-4740 


0-2231 

0-2019 
0-1827 


4-8 
4-9 
60 


121-51 
134-29 
148-41 


0-00323 
0-00745 
0-00674 


0-30 
D'31 
0'82 


1-3499 
1-3634 

1-3771 


0-7408 
0-7336 
0-7262 


1-8 
1-9 
20 


6-0487 
6-6859 


0-1653 

0-1496 
0-1353 


6-1 
6-2 
6-8 


164-02 
181-27 
200-34 


0-00610 
0-005.12 
0-00490 


083 
0-84 
0-8G 


1-3910 
1.4060 
1-4191 


0-7190 
0-7118 
0-7047 


2-1 
22 
28 


8-1662 
9-0260 
9-9742 


0-1225 
01108 

01003 


5-4 
6-5 
5-6 


221-41 

244-69 
270-43 


0«M52 

0-00409 
0-00370 


0-3S 
0'S7 
088 


1-4333 
1-4477 
1-4623 


0-6977 
0-6907 
0-6839 


2-4 
2-6 
2-6 


110232 
12-183 
13-464 


0-03072 
008208 
007427 


5-7 
5-8 
5-9 

6-0 


298-87 
330-30 
36604 

403-43 


O-O0335 
000303 
0-00274 

O-O024< 



Note.— Cosh i = J (t'4-e-'). 
atoh x = l {i'- «-'). 

We are indebted to the courtesy of Messrs. Macmillan aad Co., Ltd., tor 
pemusaion to quote these tablea from " Five Figure Logarithniic and other 
Tablea." by Prank Castle. 
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USEFUL DATA. 

I. CONVERSION FACTORS FOR LENGTHS, ETC 

1, NumerkcU. 

r =3'Uie. I e =2'71S3. 

T* =9-8696. log,N =2-30261og,,l 

■/r = in25. I lr»diiiB=57-2ft6°. 



2. Length. 

1 nantioal iiul«=l-15 atatute tiulei=6,080 feet. 

1 oentimetre =O'391iDCh=0-0328foot. 

1 metre =3-281 faet. 

1 kilometre =0-6214 mile. 

I iaoh = 2-S4 (M 

1 foot =30-48 o> 

1 mile fl-609 kilometres. 



lcm.» =0-0609 in. 

lio.) =16-387 cm 

1 imperial gallon=377-3 in.*. 



1 ldlogiamme^2-205 ponadn. 

I French ton = 1-016 tona. 

1 cubio foot of water ireighB 62-3 pounds. 

6. Velocay. 

00 milea per hoar =83 feet per second. 

1 knot=I'15 miles per hoar=l-7 feet per second. 
1 mile per hour — 44-7 centimetres per second. 



1 horse -power =33,000 foot-ponnda per minut 
„ „ =SaO foot-ponnds per second. 
„ „ =746 watts. 
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t. Wbioets of 



IL WEIGHTS. 
Hatibials, Pouhss pbb Cobic Ihcb. 
(i.) Metala and Alloys. 

. . 0-092 Iron, cast . . from 0-252 to 0-273 

0-096 „ wrought (rom 0-273 to 0-281 

. . 0-30 Lead 0-41O 

0'316 Heroui? 0-491 

0-320 Steel 0-233 

.. 0-102 Tin 0-262 

0'300 Zinc 0-248 



0-034 I Water, distiUed 



Ash 
Bamb 
Beech 
Birch 

Boxwood . . 
Cedar, AmericMi . . 
„ Weat Indian 
Cork 
Ebonj 
Elm, EngtiBh 

„ Canadian 
Fir 
Hickory . . 



0-026 
0-013 
0-027 



0-0087 
OK)43 
0-021 
0-026 



Lignum vitEG 
Mahogany, Honduras 
„ Spaniah . . 

Oak, African 
,, Amoricait, red 

, . English from 

Pine, yeUow 0-018 

Poplar 0-013 

Spruce 0K)17 

Teak 0-029 

Walnut 0-024 



0K>40 
0-020 
0K>31 
0-03fi 
0-030 
0-028 
0-034 



(iv.) Mixdla7itoa». 



Cellnloid .. 
Cork 
Ebonite 
Felt 
Fibre 

Glass, orown 
„ flint 



0-0442 
00087 
0050 

0-ooai 

0-051 
0-O91 
0-111 



Glass, plate 0-100 



Leather 
Vulcanite 
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2. Weight or Mrtal Srexts. 





Thick- 


Steel. 




















Oaofe 
B.W.O. 


naein 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 


Inchei. 


ptr 


per 


per 


per 


per 


per 






t- 


X" 


tX' 


•to- 


& 


"IZ' 






Pmnds. 


PoUTld^,. 


Pwnds. 


Pound*. 


Pound*. 


Pound,. 





0-324 


0-OB170 


13-204 


0-0312 


4-600 


0-03338 


4-809 




0-300 


0-08492 


12-222 


0-0289 


4-170 


0-03091 


4-450 




0-276 


0-07811 


11-246 


0-0287 


3-840 


0-02843 


4W4 




0-252 


0-0713? 


10-269 


0-0244 


3-610 


0-02606 


3-738 




0-232 


006596 


0-462 


0-0214 


3-080 


0-02390 


3441 




0-212 


0-06000 




0-0198 


2-810 


0-02183 


3-144 




0-192 


0-05434 


7-822 


00178 


2540 


0-01978 


2-848 




0-179 


0-04982 


7-170 


0-0162 


2-340 


001813 


2-611 




0-160 


0-04528 


8-619 


0-0147 


2-120 


0-01648 


2-373 




0-144 


0-04075 


5-867 


00133 


1-910 


0-01483 


2136 




0-128 


0-03824 


6-216 


0-0118 


1-700 


001319 


1-899 




0-116 


0-03283 


.4-726 


0-0107 


1-540 


0-01195 


1-721 




0-104 


0-02943 


4-238 


0-0099 


1-380 


0-01071 


1-542 




0-092 


0026*0 


3-748 


0-0088 


1-283 


0-00948 


1-365 




0-080 


0-02267 


3-260 


0-0077 


1-115 


0-00824 


1-187 




0-072 


0-02038 


2-934 


0-0069 


1-004 


0-00742 


1-068 




0-064 


0-01812 


2-808 


00062 


0-892 


0-00869 


0-949 




0-0fi6 


0-01586 


2-282 


0-0064 


0-781 


0-00677 


0-831 


18 


0-048 


001388 


1-959 


0-0046 


0-689 


0-00494 


0-712 


19 


0-040 


0-01132 


1-830 


00039 


0-668 


0-00412 


0-593 


30 


0-038 


0-O1019 


1-467 


0-0035 


0-502 


000371 


0-634 


21 


0-032 


0-00905 


1-304 


0-0031 


0-448 


0-00333 


0-476 


22 


0028 


0-00792 


1-141 


0-0027 


0-390 


0-00288 


0-415 


23 


0-024 


0-00979 


0-978 


0-0023 


0-335 


0-00247 


0-356 


24 


0-022 


0W623 


0-899 


0-00213 


0-307 


0-00228 


0-326 


25 


0-020 


e-00596 


0-815 


0-00193 


0-278 


0-00206 


0-296 


26 


0-018 


0-00909 


0-733 


000174 


0-261 


0-00185 


0-267 


27 


0019 


000453 


0-662 


0-00155 


0-223 


0-00165 


0-237 


28 


0-014 


0-00396 


0-574 


0-00135 


0-195 


0-00144 


0-208 


29 


0013 


000368 


0-630 


0-00128 


0-181 


0-00134 


0-193 


30 


0-012 


0-00340 


0-489 


0-00118 


0-167 


0-00124 


0-178 



ThcM UblM aT« compiled from the following 


data: 






ated. 


AluminiwA. 


DuT^umin. 


Specific GraTity 

Weight in Pouuda/Inchea' . . 


7-85 
0-283 


2-67 
00968 


2-86 

0-103 



by Google 
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in. ELASTIC PEOPERTIES OF MATERIALS. 





Tmtitm. 


{^omprcMMiR. 


Shtar. 


JUaleritd. 


59 


14 


I! 


II 


i| 




|| 




12-5 


7,000 


18,000 










roUed 
wire .. 


183 


I2.500!27.000 


z. 


- 


— 


13,000 


Copper, roll«d 




— 


38.000 


— 


48,000 


4-5 

to 


36,000 


„ oaat 


8-1 


14.000 


30.000 


_ 


37,000 


6-6 


28,000 


wire 






60,000 










'Btobb .. from 


12-0 




18,000 




11,000 


6-6 


18,000 


„ wire 






80.000 












105 


*0,000 


60,000 


16,000 

to 
20,000 


45,000 

to 
65,000 


3-8 


S6.000 


■heet .. 




30,000 


55,000 










wire .. 




10,000 


60,000 










In>ii,ca«t .. .. from 


uo 




13,400 




80.000 


S-6 


18.000 


„ to 


23-0 




29,000 




110,000 


8-0 


22,000 




27 '0 


23,000 


36,000 


21,000 


36,000 


11 


37.000 


„ , to 


29-0 


*0,000 


aB.ooo 


24,000 


60,000 


135 


41,000 


„ wire 


25-0 


_ 


90,000 


- 








8tMl,mild .. from 


29 


to,ooo 


80,000 


40,000 


eoTooo 


12 


47,000 


to 


31 


B0.O0O 


70,000 


S0,000 


70,000 


U-5 


54.000 
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TentUm. 




Shtar. 


MaUriai. 


u 


■a 

1 




1- 


^S 




„ I »i 

III 










sr 


Max. 








to 
IBS 




12,000 


1,300 


6,000 


M4 


1,750 
















Beech 


l-h 


7,40C 


mm 




<l,<H)0 




1,700 


Bireh. American .. 


IS 
IWS 


8,400 


13,000 


1,000 


6,600 


1-17 


1,620 


Cedar .. .. frwi 


l-» 


4,20( 


e,oo( 


400 


4,000 




800 


to 


1-7 


8,0(K 


10.00( 


700 


fi.3lKI 




1,100 


Deal, Clm»tUni» . . 


t-« 














Flm, English 


!•» 


5,60( 












,. Csnadian 


1-4 




12,50< 


1,200 


S,800 




1,660 




IH 


8,9« 


ia,oo( 


1.800 


7,300 




1,800 




i-:j 


7,00{ 


10,00( 


1,000 


0.600 


l-l 


1,300 




1-4 
















1-4 


fipTtX 


12,00C 


1,300 


6,000 




1760 






fi,0« 


7,401 


630 


4,500 




8S0 


„ Norway 
Padouk. dark 


1-7 


8,0(K 


L1,00< 








1,100 


■2-4 


10.50( 








1-2 


2,000 


Spmce 


1-4 


6.500 


7,800 


600 


6,500 


IMI8 


500 


Teat 


l-Sl 
?-4 


_ 


7,000 




_ 


_ 


„ 


Walnat, Brazil 


1-3 
to 
1-S 


6,800 
8.000 


11.000 


1.000 


6,100 


L^126 


1,600 



3. Strength of MUceUaiKOua MattriaU. 
ibric , . . . . . . . 85 poimds per inch. 



4. Stntigth oj StreaMine Wires. 



BiM. 


UltimaU Strength 
in Poandg. 


Siu. 


VUimaU StrtT^ 
in Pounds. 


4B.A. 


1,060 


J, 


10,200 


2 „ 


1,900 




11,800 


A'-!'- 


3,460 




13.800 


4.650 




15,600 


A .. 




t 




i\ .< 


7,150 


24.700 


f .. 


8.600 
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PERFORMANCE 

By JOHN CASE, M.A.. A.F.R.Ae:.3. 



1. In order to predict the performance of an aeroplane — t.c, 
to foretell its speed, power consumption, rate of climb, etc. — 
we must know, as accurately as possible, the total Tesistaooe 
of the machine as a function of the angle of incidence, and the 
speed, the lift ooef&cient, the efieotive wing aiea, the total 
weight, and the power curves for the propeller; and the more 
aconrately these are known, the more likely are we to predict 
accurately the performance of the machine. On account of 
the variation of the density of the air with altitude, the per- 
formance of a machine will be different at, say, 10,000 feet from 
what it is at ground level. Several of the fundamental equations 
have been given in the article on General Theory, and will be 
referred to here, 

2. Before considering how to estimate the resistanoe, etc., of 
a machine let us see what are the properties of the aerofoil 
upon which depends the performanoe. 

First, the mimmum speed of horizontal flif^t is given by (5) 
above, and varies inversely as A^ „„ This is the landing 
speed of the machine, and for any other angle of incidence the 
speed is given by 

From (9) the speed is a max. when L/D for the whole machine 
is a max., and so we can write: 



but this usually gives too small a speed range, and it becomes 
necessary to design so that the top speed occurs for some smaller 
value of ki_, usually about 0-1 for fast machines, thereby getting 
a smaller L/D, and, by (9), requiring more power. Evidently 
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the best aerofoil for bigh-apeed aeroplanee is one giving the 
([leitest L/I) for a lift coefficient given by — 



=(^>„,. 



If the rate of olimbing be the ohief consideiation, then we want 
an aerofoil which gives the highest value of (L/D) „„ : (16) above 
shows that the greatest rate of climb is obtained when Pg is as 
small as possible, and we have seen that this is so when L/D 
is as large as possible. A machine designed purely on this basis 
will have a small range of speed. 

Now oonsider a machine designed for we^ht-carrying; an.l 
suppose the landing speed and top speed given. Then the area 
of the wings required is — 

* p/r(*.) .-.»'■-.• 

and the power required is, in horse-power — 

550 {L/D)' 

where F is the top speed. We can write the total weight, W, 
thus: 

where a and & are constants, and w the weight of everything 
except the wings and power plant. Then the object is to make 
w/lF as large as possible, for this 



P/? ■{*.)-«.. -^"-.-500 (LID) 

must be as small as possible — i.e., we want a large h,^„^_, 
«nd large LID at the flying speed. The former is much the more 
important from our present point of view. For example: take 
"'■li '^M(». = 60, weight of power unit— 4 lb. per h.p., and 
propeller efficiency 70 per cent., giving 6=0-0104; we have to 
consider changes in the quantity. 

1 0-634 

If ij;-0-55 and L/i) = 14, thi8=0-257; now substitute an 
aerofoil having the same A^ „„; but L/D^IG, the quantity 
becomes 0-261, a reduction of 2 per cent. ; instead of this, take 
an aerofoil whose „^_ fci=0-7, and i/D=14, the quantity 
beoomes 0-211, a reduction of 18 per cent. 
These elementary conudeiations should give an idea of 
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the points to consider in selecting an aerofoil for a given 
purpose. 

3. OaUUi of Pertonnaiioe Calcnlatioiu. — Suppose the totar 
weight (w) and landing speed ( V^} given, then the wing area is 
found from: 

9 

When S has been found the speeds for all angles of incidence can 
be calculated. Thus, the first thing we require is a curve of 
. k^ against a. If a model test of the complete machine, or of 
the complete wings, be available so much the better ; if not, 
the curves for the model test of the aerofoil must be corrected for 
bii^ane efiect, gap/chord ratio, aapeot latio, stagger, and scale 
effect, as well as .may be, the latter correction being applied last. 
As an aid to this the following information is given: 



CoBBEcnoK Factor f 


OB Haximcih ]cl »o 


B ASFICT RiTlO. 




Aspect Ratio ..16 7 


8 1 9 1 10 ' 11 12 . 18 14 15 1 18 


of ki maximum 


;0'6 


1-0 1-6 ■ 2-3 ' 3'4 

•I.I 


4-6 j 6-6 1 a-4 7-0 


7-4 



Tabli or 




OB AspacT 


Ratio. 








Ae^pm Ratio. 






8 


7 8 


9 


10 11 i 12 


13 14 


IS 


18 


,-; 


fO-3 





\0 1-8 


2-ft 


4-5 6-B 9-3 


11-8 : 13-7 


16 


16-8 


H 


<l-4 


1) 


2-5 5-3 


H-ft 


11-7 16-3 2M 


25-2 29-0 


31-tl 


34-2 


(i-fi 




4-6 9-4 


14-5 


19-6 . 26-3 , 323 


3S-0 42-5 


46-K 


48-0 


■Sti 






5-9 11-9 


IH-n 


23-9 30-0 35<S 


41-8 , 47-7 ' 54-0 


eo-s 




0-7 





65 13-0 


19-5 


26-0 33-7 1 39-4 


46-8 33-0 ' 60-6 


7(1-0 


It-N 


II 


6-2 12-5 


IK-« 


24-7 1 31-0 i 37-5 


44-0 . 60-0 1 64 


69 


VvfV 


u 


5-5 11-0 


17-4 


23-6 ' 310 39-5 


40-5 , 61-5 64 


6S 







3af/Chobd Corebctiom 


rmo 


H MoSOPLiNB. 








S 


3 


2 1 1-7 

1 


1-66 


i-eo 


1-5 


1-4 


1-36 


1.3^... 


1-0 


0-8 


0-7 


Ooeff. for 


■993 


-9B0 1-690 


-988 


-983 


-967 


-960 


-943 


-940-937 


-928 


■907 


380 
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CoKBicTiNa Faotob * 



B Oap/Cbobi" Bamo. 



I 1-8 1-6 1-4 ■ 1-2 



10 0-8 0-7 



1-085 1-08 1-033 1 100 0-975 0-96 

1-037' 1-03 0-995 0-976 0-90 0-93 

1-OOa 1-00 0-08 0-960 0-936 0-92 

0-98 0-976 0-946 0-920 0-900 0-896 

0-96 0-93 0-885 0-86 0-86 0-846 0-836 0-80 < 

0-941 0-92 I 0-880 0-86 0-S6 0-842 0-820 0-80 < 

"B 0-90 0-868 0-84 0-83 0-819 0-805 0-777 

0-91 0-883 0-843 10-83 0-815 0-803 0-796 0-76 ' 



3 0-S5 

6 0-84 
5 0-82S 



CoKEKCnONS FOR SCALB EwFSCT. MTH-TIPLY ti M^X BY 

L/D BY THB Factoe oivxn Bblow. 


1-02. 


ND 







0-1 


0-2 


0-3 


0-4 


0-6 0-8 


0-7 


0-8 


0-9 


FMtor .. 


' 


0-95 


1006 


1-080 


1085 


1-067 i-030 


'*• 


1-008 


1-050 



To nse the above tables, when the oriterion is Ir/At ,„, 
piooeed as follows: From the tests of the model monopliuie plot 
■a curve of L/D taking k[, as abscissa, and from tlufl deduce 
a curve of L/D with kjjk^ „^ as absoisses. Then multiply 
the ordinates of this ourve, for abBois8ai=0-2, 0-3, etc., by the 
number given in the tables. 

By this means probable full-soale curves for the wings are 
-obtained. If sufficient data are available the lift curve should 
be corrected for the tail load: 

A 'i = effective lift coefficient; i^^lift coefBoient of wings; 
« = equivalent chord; 2 = distance from e.g. to an assumed c.p. 
of tail; )E_=moment coeffioient of winga about the e.g., which 
can easily be foimd when the c.p. coefficient for the wings and 
the position of the e.g. are known. 

Next estimate the resistance of the whole machine. Strictly 
speaking, we ought to consider separately those parts of the 
machine which are in the propeller slip-stream, as they have a 
greater resistance, on account of the higher Mr velocity, but 
the experimental information available does not allow this cor- 
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leotion to be made with any aertainty.* The increase of lesis- 
tance is partly oompenaated by an apparent increase in the 
efficiency of the propeller. 

Having deduced the proper lift curve, the speed can be calcu- 
lated for all angles of incidence, and from this the total lesiBtanee 
can be estimated for all angles, as shown below. 

Having estimated the lesistajice of the body, etc., foi all 
angles of incidence, and the L/D curve for the wings, a curve 
of drag for the complete machine can be plotted. 

The calculations should be done as a table, thus: 



The seventh ctJumn is obtained by adding the fifth and sizth, 
and the h,p. required = Total DragxSpeed-i-650. The total 
drag and h.p. ^ould now be plotted i^ainst F (Fig. 1). 




SpEED. 



From the data of the propeller, supposed known, a curve can be 
plotted on the same diagram showing the " h.p. available " — 



* An approximation t 
velocity of the g 



correction may be made by taking the 
H-Px 550 , ,, „ T, . ,, , 
+ —/—rAV'' where the S-P la the torque horse- 
power of the propeller, and A the cross-aectional area of the BUp.stream, 
=0-6timee tbedlsc area of the propeller. The body reeistance should then 
be mnltipUed by 0-76. 
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i.e., the maximum thrust h.p., which oan be obtained from the 
propeller at given forward speeds. 

4. The above calculations apply to ground level, at standard 
denfiity; at any other altitude the curves will be diSerent. 
The resistance must be multiplied by p/p„ p being the density 
at the height considered, and p, that at ground level; a curve 
of p is given in Pig. 2. The h.p. required must he multiplied by 
Vp^p. The available thrust h.p. must also be corrected for 
density. This is done as follows: The b.h.p. of the engine, as a 
funotion of the r.p.m., is known, from teat conditions, at ground 
level, and may be taken as proportional to p. The propeller 




FIfi.a. 



torque h.p. is known, also as a function of the r.p.m. for various 
forward speeds. These curves are plotted as in Fig. 3, and the 
intersections of these curves give the relations between h.p., for- 
ward speed, and r.p.m. for any given density (or altitude). 
Thus, at a speed V, and altitude corresponding with p^, we know 
that the torque h.p, is OM, and the r.p.m, = ON. Knowing 
the efficiency of the propeller -(ij), the available thrust h.p. at 
this height =Tj ■ OM. In this way h.p. curves at various altitudes 
ean be drawn, as in Fig. 1. 

Climbing. — The difference between the ordinates of curves 
of equal altitude, at any given speed, gives the h.p. available for 
climbii^ at that speed and height. The rate of climb is 

li.p. available -h.p. req. for horizontal flight , 

t.= gg^jp_ ft/sec. 
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When the two oorresponding h.p. curvea touch, as at X, there is 
no power lelt for climbit^, and this gives the ceiling for the 
machine. 

The angle of olimb = Bin-*(o/F). 
' 5. KroolW WOght. — Curves of h.p. lequiied are easily deduced 
from that for horizontal straight line flight by means of equation 
(27) above. For a given value of r,P/F, is worked out for eaoh 
value ot V„ and thus power curves for a series of values of r can 
be diawn, as in Fig. i. The intersections, X, Y, Z, of these 
curves with the curve of power available give the maximum 
speed for a given radius. From (23) a curve of maximum angle 
of bank can also be drawn. The method can be extended to ^e 
case of spiral flight if desired. 

6. Th« Calcnlation of RoistBiioe.— The resistance of the wings 

= -SAj, F'. The following ^ures all refer to 100 ft./aeo. 

The Re»Utance of the Body. — The following table gives the re- 
sistance, in pounds, of various bodies, and this oan be used 
as a guide. 







Max.Cro»» 


fPJ. 




Boig. 




a^im. 


Aulkorily. 






Area Ft.' 


Saturn. 




1. Perfect Btream-Uue, 










ciroular section 






1-2-1 -3 


N.P.L. 


2. Ditto, with cockpit. 










pilot screen, utd 










Bhield 






1-7 




3. Same as 1, sq. sec.. . 






1-6 




4. Same as 2. sq. sec... 






2-1 




6. P.E. 4 


42 


13-2 


3-2 




8. R.E. 7. Beardmore 










7. R.& 7. R.k'.F. lA 


35 


8-8 


4-0 


R.A.E. 










engine 


55 


8-8 


6-3 




8. B.E. S 


63 


10-0 


8-a 




9. F.E. 2D. Bolls-Eoyce 










engine 


93 


13-2 


70 




10. S.E. 5. large wind- 
screen, and Lewis gun 










39 


6-6 


6-9 




11. B.E. 2Q 


47-6 


6-6 


7-3 


(R.Le. 

In.p.l. 


12. B.E. 2E: 










0* wing incidence.. 
14° .. 


68 
88 


= 


- 


Jn.p.l. 



Resistance of Other ParU. — Circular cylinder, length/diam. - 1 , 
4 Ib./ft.» of projected area, at 100 ft./sec; l/d = lO\ 10 Ib./ft.', 
//rf-», 12-7 lb./ft.'— Eiffel. 
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Include end fittings and wiring plates in the length, and add 
\ foot. 
R.AS. Wires: 







Add for End Fittim, 
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IToi indined wires take projected length. 
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Strutt (S.P.L.): 



Fintnett 
Ratio. 


n>./Ft. 




26 
30 
3-6 

4-0 
4-5 


1-10 

1-04 
100 
1-00 
1-03 


Add 0-2 lb. or 
' each end fitting. 



for good streamline sections. Others should be tested. For 
. sloping stiuta, measure fineness ratio in a plane parallel to direction 
-of relative wind, and take the projected length, 

Rorftotor*.— 8-14 Ib./ft.» 

Rudders and F%m.—0-\Q Ib./ft'. 

Wheels. — The resistance of one wheel with 800 mm. x 150 mm., 
Palmer tyre, at 100 ft/sec. has a resistance of 6-2 lb. if faired 
from hub to rim, and 10 lb, if not faired. For other sizes take the 
resistance as proportional to the size of tyre (N.P.L. and B.A.fi.). 

For odd fittings, etc., take 5 lb. per ft.' of projected area, 
Jor speed, V, multiply figures given by ( F/lOO)*. . 
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A NOTE ON STABILITY 

By Captain W. GORDON ASTON, A.P.R.Ai!.S., A.M.I.A.E. 

Toe calculations afEeoting the stabUit^ of an aeroplane are of 
so deep and abatmae a nature that it is not posaibfe in a work 
of this type to deal with them exhaustively. The object of this 
note is to deal briefly with aertain fundameatal points, avoiding 
the introduction of mathematics. 

An aeroplane has six degrees of freedom, three being motions 
of translation, and three motions of rotation. It can move 
bodily forwards, bodily sideways, and bodily up and down, 
and it can, fuither, rotate about its longitudinal axis (i.e., " roll "), 
rotate about its transverse axis (i.e., " pitch "), or rotate about its 
vertical axis (i.e., " spin "). Its movement can be combined of 
any two, three, four, five, or six of these free motions. Thus, in 
elimbing on a turn there will be, first, the forward translational 
motion; second, the upward translational motion; third, the 
spinning motion of rotation about the vertical axis; fourth, the 
lolling, or banking, motion about the fore and aft axis; and, 
fifth, a probable " yaw." or sideways motion of translation, 
brought about by the centrifugal efEect of the turn. 

In considering the question of stability in an aeroplane it is 
clear 'that it will answer all requirements if it can be furnished 
with means whereby, without the assistance of the control normally 
exercised by the pilot, it can correct, ofit3elf,anytendency either to 
alter its altitude, change its direction, "roll," or "yaw," The 
normal forward motion of translation is essential to its support, 
and as to the upward motion of translation, that is a matter 
which is oonoemed solely with engine power. 

In a perfectly stable aeroplane fiying in still air, no control 
belside the engine throttle would be necessary provided the 
machine were set to fly on a perfectly straight course, since to 
gain or lose altitude would simply be accomplished by allowing 
more or less gas to enter the engine. Still air is, however, mani- 
festly an impossibility, and hence a form of direction control in 
the shape of a rudder has to be added in order to allow a oourf e 
in the horizontal plane to be maintained. In a machine of 
inherent stability, ' of which many types are produced to-day, 
granting a reasonable altitude, no control ia required beyond that 
of the throttle and the rudder to fly in any given direction, 
226 15 
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The ability whicji an inhereotlT stable aeroplane poeeeaeee 
demands a source of power which must come either from the 
engine or from gravity. In the following notes it will be con- 
sidered that the whole of the povei for stabilizing purposes oomea 
from gravity, especially so aa, for the sake of the argument, the 
aeioptane is supposed to be flying itself and to be deprived of 
any control whatever. Such being the case, it is obvious that any 
correction effect called for by the machine being forced off its 
course, or caused to pitch, and so forth, by some sooidental cause, 
must invtdve a loss in altitude. In consequence of this faot, 
that it cannot correct itself unless it has sufficient height for 
the acquisition of the requisite gravitational power, a stable , 
aeroplane oannot be handled as such when near the ground — 
as, for instance, when getting ofE and alighting — and must there- 
fore be furnished, in addition to any features which it may require 
for stabilizing purposes, with adequate organs of oontrcJ. In- 
cidentally, it is pointed out, that whereas, in a controlled aeroplane, 
loss in speed can be substituted for loss in altitude, this cannot 
take place in an inherently stable aeroplane, but is dependent 
purely upon the alteration of the setting of the elevator. 

It must here be remarked that, owing to looseness of terms, 
the word " stability " has been much abused in the past, and 
has not infrequently been associated with mechanisms such as 
gyroscopes, the object of wh'ch was to provide some form of 
automatic control. They were, however, commonly referred 
to as apparatus for automatic " stability." What we are now 
consideiiug is not a form of mechanical control, but a form of 
stability founded upon aerodynamic principles, and inherent in 
the design of the lifting and subsidiary surfaces of the aeroplane. 

A point of the utmost importance is that any such stability 
must be concerned, not only with maintaining the aeroplane 
travelling nose foremost, and preventing it from pitching and 
rolling, etc., but also with the maintenance of speed, since it is 
upon this factor that the support of the aeroplane depends. 
If a stable aeroplane is set with such a throttle opening that it 
just flies horizontally, it will neither gain nor lose altitude per- 
manently, although the effect of gusts will be to make it tem- 
porarily gain or lose altitude, and hence there will also be alterna- 
tions in its air speed, though its average air speed will remain 
constant. 

It is also desirable to note that if a stable aeroplane is controlled 
so as to adopt a certain position, it should, if disturbed from that 
position, return to it providing the control is kept aa it were 
fixed. Thus, if by means of his controls a pilot sets his machine 
to do a side-slip, it may be struck by a gust and thrown on to 
an even keel again; but if it is inherently stable, it should im- 
mediately return to its previous state of side-slipping. 

The various motions of a machine will now be dealt with 
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seriatim, and since loDdtudinal, oi fore and aft, stability is 
geneially regarded as of first importance, it will be dealt with 
first. This IB the quality of stability that resists rotation about 
the transverse axis of aeroplane, so that if from any cause it pitches 
up or down it tegds to return to its normal horisontal altitude. 
A small ballasted aerofoil, consisting of eC sheet of paper oi 
mica furnished with a weight on its leading edge, evinces a high 
degree of fore and aft stability when allowed to glide. In doing 
HO it will acquire a definite gliding angle and a suitable angle of 



incidence. The object of the weight, or ballast, on the leading 
edge is to bring the centre of gravity coincident with the centre 
of pressure in these circumstances. The normal altitude of the 
aerofoil will thus be as in Fig, 1, and it will be in equilibrium 
provided that the o.p. and the e.g. are coincident. If, however, 
through the agency of a gust it should be disturbed from this 
altitude so that it pitches upwards and increases its angle of 
incidence, the centre of pressure, owing to the plane being flat, 
will retire towards the trailing edge, and the lift and weight 




forces will, oonBec[uently, no longer meet in a point, but will 
form a couple, as indicated in Fig. 2, the obvious effect of which 
couple is to tend to restore the aerofoil back to its original attitude, 
as in Fig. 1. If, however, the effect of the disturbance is to cause 
the aerofcnl to decrease its angle of incidence, an exactly converse 
state of afE^rs is brought into existence, the c.p. moves forward, 
and once more a couple is formed, but this time, as set out in 
Fig. 3, it acts in the opposite direction, and tends to increase the 
angle of incidence until it is again normal. 
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This phenomenon of complete fore and aft stability in the 
ballasted aerofoU is a result of the fact that with a flat plane 
the movement of the centre of pressure with variations in angle 
of incidence is a regular one — that is to say, as the angle is in- 
creased the loeus of the c.p. tends to move steadily towards the 
centre of symmetry of the aerofoil. As lifting surfaces Hat 
planes are mghly inefficient, and give place to planes of curved 
and cambered section, in which the c.p. movement is not of the 



same type but is highly irregular. Thus, at very small angles 
of incidence the c.p. on a curved plane may be at or about the 
centre of the chord. As the angle is increased up to 10 or 12 
degrees the c.p, will move forward, but when the angle is further 
increased it moves backwards again, until when normal to the 
ail flow the c.p. is again in a more or less central position. It is 
evident, therefore, that a curved aerofoil will not be stable 
when merely ballasted and used by itself, as no restoring couple 
will be formed by tlie weight and lift forces; but, on the other 




hand, as shown in Fig. 4, the couple produced will have an exactly 
contrary effect. 

A ballasted aerofoil with a curved section wUI, however, show, 
a considerable degree of stability when flown upside down — 
I.e., with the concave surface uppermost; in fact, in this position 
it exhibits greater longitudinal recovering power than a purely 
flat surface. The reason for this will be made clear a little latet. 

The' only way in which the irregular movement of the c.p. in 
a curved plane can be regulated is to furnish a secondary sunace, 
the movement of the c.p. on which will act in opposition to that 
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of the (urved plane, and not only oppose it, but c 
to suet extent tliat with any increase in angle of incidence the 
o.p. of the whole eystem will retire, and conversely with a decrease 
in angle below normal the resultant c.p. will move forward, so 
that the couple formed will always be in the direction of restora- 
tion to normal altitude. 

This subsidiary plane can be placed either in front of the 
main plane or behind it, and it will tend to have the desired 
effect always provided that, however it be placed, the angle of 
incidence of the leading plane is greater than that of the trailii^ 
plane. When one has two planes in tandem, as suggested in 
Fig. 5, the resultant position of the o.p. of the whole system 
depends upon the positions of the c.p. on eaoh plane individually, 
and also upon the relative amount of lift force exerted through 
each c.p. If in any positive change of angle the relative lift 
of the trailing plane is increased to a greater extent than that 
of the leading plane the resultant o.p. will move backwards, 
and in order that such may be the case it ia necessary to have 
the trailing pane at a smaller angle of incidence than that of the 
forward surface. If, considering the lift aa proportional to the 
angle of incidence (which at small angles is not very wide of 



the mark), suppose we have a leading plane set at an angle of 
6 degrees and a trailing plane at an angle of 1 degree. Now, let 
it be supposed that the machine altera its attitude through 
2 degrees, so that the angles of each plane are increased by this 
amount. This means that the lift on the front plane is enhanced 
by 1=40 per cent., whilst that on the rear plane is increased by 
^=200 per cent. The relative lift on the latter is thus increased 
to a much greater extent than the former, with 'the result that the 
total o.p. tends to move in the desired direction. This is, of 
course, purely a qualitative theorem. Considering it quantib^ 
tively it ia clear that what has to be dealt with is the moment 
of the o.p. of the trailing plane about the e.g. of the machine, 
relative to the moment of the o.p. of the leading plane about the 
same point; hence the area of the controlling plane and its 
distance from the e.g. are matters of great importance. Ofe- 
vioudy, if the frame ia very long the tail plane can be made very 
small, and vice versa, always providing that the moment provided 
by the tail is greater than the moment provided by the shift of 
the c.p. in the leading plane. 

It is a matter of no consequence whether the actual oi^an 
of lift is in front or behind. If in the latter position, as suggests 
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in Fig. G, exactly the same state of aSairs exists as In tKe con- 
ditions set forth in Fig. 5, at all events, ho far as longitudinal 
stability is concerned. One may, in fact, regard the leading 

iilane as a very small main plane, and the trailing plane as a very 
arge tail, irrespective of which bears the principal burden of 
providing the lift. 

Keturning for a moment to the ballasted aerofoil, one perceives 
that if the plane is of ouived section with the concave side 
nppermoet it will naturally tend to be stable, since, regarding 
it as made up of two parts separated only hy an imaginary line, 
the front part is set at a big angle of incidence and the rear 



part at a small angle, which conforms to the conditions laid out 
in Figs. 5 and 6. On the other hand, if the aerofoil is flown 
concave side downwards the conditions are exactly reversed, and 
the centre of pressure must always move, during small angles of 
incidence, in the direction opposite to that required for the 
formation of a recuperative couple. 

It is important to realize, in connection with the state of 
affairs shown in Fig. 6, that although at big angles the c.p.'s 
of the main and subsidiary planes move in the same direction, at 
small angles they move in directions opposite to one another. 
This will be made clear if we take a simple case and assign 




reasonable numerical values to the varying quantities. In Fig. 7 
the main piano is supposed to have an incidence angle of 5degrees, 
and the tail one of 4 degrees. This is the normal attitude of the 
machine; as it is presumed to be in equilibrium it follows that 
the lift at MxMO='\iit at TxGT. Let us call MG 12 inches, 
and 0T 60 inches, and the lift at M 200 pounds, whilst that at T 
is 40 pounds. If the machine now tips its nose up through . 
3 degrees, the angle of the main plane becomes 7 degrees, and 
the lift being roughly proportional to the angle [supposing the 
speed to remain constant) the lift at M becomes 280 pounds. 
The subsidiary plane, T, now flies at an angle of 6 degrees. 
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and its lift is increased to approximately 60 pounds. The move- 
ment of the tail is thus proportional to 60 in. x 60 lb. = 3,600 in. -lb. 
It will actually- be a littie more owing to the rearward movement 
of the o.p. on the taU. As the ohord of the latter is small the 
difference will, however, not be noticeable. The c.p. of the main 
plane now moves, not backwards, but forwards to Af' , the 
distance df' I? being, say, 16 inches. The moment is thua280 lb. x 
15 in.-4,300 in, -lb. , It is clear that the tendency for thia 
machine will"be for a slight upward pitch to increase itself as the 
resulting couple will be in the direction indicated in the figure. 
To remedy thia state of afFairs, either the tail must be mode 
of larger area, or the length of the tail bocpms must be increased, 
ar, what is more practically valuable than either of these alterna- 
tives, the normal angle of the tail plane must be decreased, so 
that when the aeroplane is flying at its normal attitude this 
plane carries a smaller fraction of the load. 
The possession of fore and aft stability implies that the aero- 
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plane should be able to recover its attitude in the vertical hj 
a rotation about the transverse axis, and this rotation is not 
necessarily limited to small angles. Thus the aeroplane might 
be forced into a completely upside-down position. In this case, 
if left to itself, it would normally adopt a course of the type 
illustrated in Fig. 8, the main plane having a strong downward 
" lift," whilst the tail has a very much less one. This results in 
the formation of a oouple in a clockwise direction, which with 
the forward motion of the aeroplane, results in a circular path 
being ftdlowed until at the point A the conditions of equilibrium 
are again complied with. 

Again, suppose the machine to lose all forward motion what- 
soever, so that it stops momentarily horizontal, and then com- 
mences to fall verti(^Iy. In this case the first tendency, as 
indicated in Fig. 9, is for the machine to move backwards, due 
to thepoaitive angle of the main plane giving rise to a horiEoatal 
(orce,P, as well as a vertical one, R, the former of which acts in the 
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direction of the tail. Now, the Blighteet backward travel means 
that theo.p.'s of both the tail plane and the main plane tend to 
move towards their trailing edges, with the result that a oounter- 
olockwise couple is formed, tending to depreaa the nose of the 



J^^ 



aeroplane, which is followed by a recoveting dive in its normal 
direction. 

If the aeroplane ehould be forced into such a position that 
it is, as it were, " standing on its tail," it will recover a normal 
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attitude in the following manner. Its first motion must obviously 
be in the line of least resistance, as suggested in Fig. 10. Thus 
momentarily it will be flying tail first. Now the an^e of the tail 
being now greater (since the direction is reversed) than, that 
of the main plane, it follows that a counter-clockwise couple 
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will be foimed, which, in conjunction with the hftckward travel 
of the aeroplane as a whole, will cause it to trace a circular path, 
as Buggeated in dotted lines, and it will continue to do this until 
it oomea to the point A, at which all the kinetic energy attained 
during the tail dive is now ahsorbed is potential, ana at the same 
time the machine is brought to reat with its nose pointing down- 
wards, this position being exactly suitable for a nose-dive which 
enables it to recover its normal speed and attitude, as shown in 
the dotted lines, AB. 

This nose-dive is shown in more detail in Fig. 11, in which the 
aeroplane is supposed to be dropping nose foremost. Here the 
lift on the main plane, the angle of which is greater than that 




F.g )) 



of the tail, causes the formation of a clookwise couple which 
returns the aeioplane to an even keel. 

It will be realized that not only must the fore and aft stability 
of the aeroplane look after its normal attitude, and tend to 
maintain it constant, but it must also do the same in regard 
to speed, which is equally important for its support. If speed 
should tend to fall ofi, the loss of lift in the machine as a whole, 
whilst not immediately altering its attitude relative to the earth, 
alters it relative to its flight path, or, what amounts to the same 
thing, to the relative wind. The normal path of the aeroplane 
in Pig. 12 is along the dotted line. With the falling ofi in lift 
the effect of gravity is to make it follow the solid arrows. As a 
result, its real angle of incidence is increased, being now the 
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angle ABC instead of the angle ABD. In consequence of tliis the 
c.p, moves towards the tail, a counter-clockwise couple is formed, 
and the aeroplane tips its nose down, thus reducing its aogle 
of incidence and resistance, and increaaing its speed. 

If, on the other hand, by any means the relative speed of the 
aeroplane should be increased above its normal it would tend to 
climb rapidly, and thus increasing the angle of incidence between 
the wings and the flight path, it would also tend to pitch its nose 
up, with the result tbat the excess of kinetic energy would be 
converted into potential, and it would flatten out at a greater 
height after returning to its normal apeed. 

In Fig. II the ideal case of a recovering nose-dive is shown, 
which is inclined to neglect the fact that the aeroplane, being a 
solid structure, has both momentum and moments of inertia. 
The eSect of the latter is to tend to make the aeroplane continue 
rotating when onoe rotation has started, exactly analogously 
to the oase of a flywheel. Now in Fig. 1 1 the machine is supposed 
to rotate through practically 90 degrees in the vertical plane. 
When, therefore, it comes to the point, B, at which its attitude ia 



the normal one and its speed also normal, it will not continue 
straightforward on its natural flight path, or glide if the engine 
be cut oS, but the inertia effects will now come into play and 
cause it to pitch its nose up a little. As a result of this upward 
pitching there will be an increase in the angle of incidence and 
a toss of speed, followed, as shown above, by a tendency to dive 
and recover speed. During the dive the same rotation will take 

{ilace and the same inertia efiects be felt; hence, even if the 
atter are quite small, the flight path will cease to be the ideal 
one, and will degenerate into a series of swoops, as shown in 
Fig. 13, line A. Providing the longitudinal stability is suffi- 
ciently marked to overwhelm this swooping tendency, the 
swoops willgradually die out and become a simple glide; but if the 
setting of the planes does not conduce to such great stability the 
swoops, instead of decreasing in amplitude, as at A, may actually 
increase, as shown at£; or a third state of affairs may exist, in 
which the swoops tend neither to increase nor decrease. It will 
thus be observed that the disposition of the principal weights in 
the aeroplane have a considerable influence upon its stability. 
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which cannot be regarded as entirely guaranteed by the setting 
of the supporting and subsidiary surfaces. 

The-above are primary eSects, but there are secondary ones 
associated with the influence of the leading plane upon the air 
which traverses the trailing surface, and also with the influence of 



f^S. 13- 



the screw thrust. These may be conveniently touched upon here 
rather than later. 

First of all, in regard to the relative positions of the surfaces, 
upon the disposition and area of which stability depends; it is 
evident that, since they are no very great distance apart, the 
leading plane must have some sort of eflect upon the trauing one, 
inasmuch as the latter is dealing with a stream of air which has 




already been deflected and accelerated downwards. This is 
made clear in Fig. 14, which illustrates the fact that there is a 
considerable diSeience between the real angle of incidence of 
the tail ABC, and its apparent angle in relation to the flight 
path of the machine as a whole — namely, CBD. It is thus easy 
to perceive that the tail plane might actually have a greater 
angle of incidence than the main plane when the aeroplane waa 
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at reBt and yet satisfy the conditions of stability when the screw 
waaworking. Itia, conseijuently, not possible, by ijierely glancing 
At the setting of the subsidiary surfaces of a design, to say that 
it is longitudinally stable or not. In a pusher machine this 
deflection eSect does not exist to ao marked an extent, as, al- 
though the leading plane imparts a downward component to 
the air flow, the screw washes this out almost completely, unless 
rt should itself be set at an angle to the axis of the aeroplane. 

Generally speaking, it may be said that if an aeroplane is stable 
as a glider it will be stable when driven by power; but in the above 



case of a tractor it is clear that some difierence must occur in 
the lift of the tail according to whether the engine is running 
or no, and irrespective of whether the tail plane is designed to have 
a positive or negative lift. The latter is rarely employed, it 
being more common praotioe to dispose this surface so that it is 
neutral, and virtually carries no load at all. On the other hand, 
if it is set at a negative angle to the slip stream, it will have, 
when the en^e is opened out, a tendency to pitch the nose of the 
machine up. This la by no means undesirable, as it means that 
when the engine is switched off the tendency is for the nose to 



F..5 it 

pitch down and encourage the machine immediately to assume 
its natural gliding path. If the tail is normally designed to 
oarry a certain amount of load, opening up the engine wfll cause 
the aeroplane to pitch its nose down and gain speed, and though 
-this in itself may be not undesirable, it must also be remembered 
that, conversely, switching the engine off encouraees an upward 
pitch, so that the aeroplane may stall or partially stall before 
it gets into gliding flight. In general it is preferable that the 
iormer conditions shouud be observed rather than the latter. 

The position of the engine, in so far as it affects the application 
of thrust, is also a matter of some importance in a consideration 
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of fore and aft stability. If the line of throat, as indicated in 
Fig. 15, is symmetrical with the o.p. of the machine as a whole, 
so that thrust and resistance are directly opposed, it is clear that 
the extent to which the engine is opened up will have no im- 
mediate bearing upon the trim of the maohine, n^lecting the 
effect which has already been touched on above, and also neg- 
lecting the fact that the c.p. may, with changes of angle of the 
main planes, sufier a slight vertical displacement as well as a 
horizontal one. As will be shown later, there are certain con- 
siderations which favour a low position of the weights, which 



of course implies a low situation of the engine, and a corre- 
sponding low line of thrust. The latter is exemplified in Fig. 17, 
Assuming that the lift and weight forces are in equilibrium, it is 
evident that the thrust and head resistance forces are not so, and 
hence opening up of the engine will promote a couple tending 
to pitch the nose of the machine up so that it climbs rapidly. 
On the other hand, it will tend to dive when the thrust is removed. 
This, as mentioned above, is quite desirable. If the thrust is 
hi^ the aeroplane tends to flatten out and increase speed when 
the engine is opened, and pitch upwards when it is throttled — 




that is, of course, assuming that no controlling organs are brought 
into play to resist this influence. It will be perceived that in the 
former case the machine, left to itself, except in so far as engine 
power and thrust are concerned, tends to maintain a constant 
speed, so that more engine power available simply means a 
greater attainment of altitude. In the latter case the efiect 
may be said to be that a high thmst tends to keep the machine 
at a mote or less constant altitude, so that its forward speed 
varies with the engine power. It is difficult to imagine any 
conditions of flying in which this state of affairs is particularly 
called for, and therefore, on all counts, the reasonably low line of 



by Google 



238 THE AEROPLANE HANDBOOK 

thiuBt is preferable; but it can readily be imagined that this 
would have an evil influence if carried to excess. 

In some designs, notably the R.E).8, it haa been sought to 
enhance the climb performance by settii^ the ajda of the screw 
at an angle to the axis of the aeroplane, as suggested in Fig. 18. 
This has an efiect on foie and aft stability similar to that of 
a low line of thrust, though the engine, so far as weight is 
concerned, is kept in a symmetrical position. The influence 




of the gyiosGOpio force of a rotary en^ne will be discussed 
later. 

Lateral Stability. — The second undeairable motion which an 
aeroplane can undergo is a motion of rotation about the longi- 
tudinal axis. This is commonly called " rolling," and its tendency 
to resist this influence is the " lateral stability " of the machine. 

When a machine rolls so that its surfaces are not symmetri- 
cally placed with regard to the ground, as shown in Fig. 19, it 




loses lift, inasmuch as, although, if the speed remains the same, 
the same amount of air in unit time is being dealt with by the 
planes, this air is not being accelerated in the same direction as 
gravity. In consequence of the reduced lift the machine tends 
to lose height, and as in doing this it will tend to follow the line 
of least resistance, it will accordingly move towards A — t.e., in 
the direction pointed by the lower wing-tip. This motion is, of 
course, compounded with the forward travd of the aeroplane as a 
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whole, the result being a. diagonal motion, so that the air pasees 
over the planea in the manner indioated in Fig. 20. When the 
air passes normally over the plane auiface the o.p. is on the centre 
of the wing span, as marked in the sketch; but, since the c.p. 
always tends to move towards the entering edge of a plane, it 
follows that as the air adopts a diagonal flow the c.p. takes up 
a fresh positiop somewhere nearer the wing-tip, A, than formerly. 




Looked at from the front, then, the aeroplane is subjeat to a new 
arrangement of forces. We have the weight force, W, acting 
through the e.g., L the lift force acting through its new c.p., 
which is no longer coincident with the e.g. A couple is thereby 
formed, the tendency of which is to rotate the aeroplane in 
the direction of the arrow — i.e., back on to an even keel. 
In order to promote their lateral stability most designs 
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incorporate a dihedral setting of the main planes, Fig. 22. In 
this case, when the machine starts to move sideways as a result 
of its initial roll, the wing AB presents a larger angle of incidence 
to the air than the wing BC. The effect of this is to give AB 
& retaiively greater lift than BG, so that the o.p. through which 
the resultant lift reacts moves rapidly in the direction of A, and 
quickly restores the aeroplane by enhancing the righting couple.* 
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It ia particularly important to note that the lateral restoratioo 
of the aeroplane dependa directly upon the fact that when it 
rolla it immediately side-slips as well. Unless thiB side-slip 
takes place the recovering action is absent. Thus in the above 
the wing AB only has a greater lift than BC when the machine 
as a whole has, to however slight an extent, some component o£ 
motion in the direotiou of A. So long as the course of the machine 
is straight forward wholly, the wings, being symmetrical, have 
equal lift. One often sees the explanation given that the re- 
covering couple is provided by the tact that AB has a bi^er lift 
efieot than BC simply because it is " lying flatter," and the 
length it projects on to a horizontal line is greater. This is sheer 
nonsense. It is the side-slip which is primarily responsible for 
the stabilizing action, and a flat plane, though less so than one 




F.j. 23. 

with a dihedral setting, is stable. If the above-mentioned fallacy 
were true it would have no stability at all. 

If the wings are set with an anhedral (or cathedral) angle, 
with the apex pointing upwards, the conditions promote definite 
instability in the lateral sense. In this case any tendency of 
the o.p. to move in the direction of A by reason of the side-alip 
which follows the roU is counterbalanced and overwhelmed by the 
fact that BC'& angle of incidence causes more lift reaction on 
that wing than on the other, hence the c.p. will actually move 
in the direction of C, providing, with the weight force, a couple 
of anti- clockwise direction which serves to accelerate the roll 
instead of checking it, as the requirements of stability demand. 

It is not necessary for the dihedral angle to be in the vertical 
plane, for it has an exactly similar restoring action if arranged 
in the horizontal plane. In Fig. 24 a machine with swept-back 
wings is seen from above in the act of side-slipping after a roll. 
AB is the wing nearer the ground, and as a result of the side-alip 
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the air is moving across the planes more or lees diagonally. It 
will now be seen that the wing AB is disposed to have a greater 
lifting effect than BC, since the former is travelling with its 
entenng edge relatively square with the air-flow, whilat that of 
BC is sharply inclined thereto. The result of this difierence 
in lift eSeot is that the c.p. once more moves towards the tip A, 
and the neoessary restoring couple is set in motion. 

It is to be observed that a dihedral setting, either in the vertical 
or the horizontal plane, slightly reduces the efficiency of the planes 
as lifting surfaces; for stabilizing purposes the djhedral angle, 
however, need only be quite smsll, as nothing is gained by makii^ 
it exceed a maximum of 5 degrees, and at or below this amount 
the loss in lift is quite negligible. 

In some aeroplanes — the Qotha btsaber is a good instance of 
this — the planes have a horizontal dihedral as well as a vertical 
one. Each arrangement has its own particular advantages and 
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disadvantages; for instance, the eSect of the vertical dihedral 
is relatively to lower the e.g. of the aeroplane, which may or 
may not be desirable, according to how it is designed. With 
this type of dihedral angle the edge- resistance of the main 
planes — that is to say, their resistance to a sideways movement — 
is greater than if they are Sat ; hence, as we shall see, a bigger fin is 
required on the tail, or conversely the fuselage must be made 

The arrangement of the dihedral setting of the planes and 
tail plane, as seen from the side of the machine, in the interests 
of fore and aft stability, is exactly analogous to the dihedral 
setting of the wines as seen from in front, or from above, in the 
interests of lateral stability. Just as, in the former case, there 
can be no stabilizing effect unless the aeroplane is moving either 
forwards or backwards, ao in the lateral sense there can be no 
restoring action unless the machine side-slips in one direction or 
the other. 
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Secondary Effects. — When an engine ia driving a screw propeller, 
andthecrankohamberof thefonneriBrigidlyattached to the body 
of the aeroplane, there is a tendency, called the torque reaction 
of the screw, for the screw to remain stationary, and for the 
aeroplane to turn round axially. This torque reaction is de- 
pendent, in its effects, upon the relative areas of the winga and 
the screw blades. The former are, of course,, very much greater 
in area than the latter; but still the tendency exists, and if & 
single engine and screw is used, it follows that the effect will be 
that one wing, as shown in Fig. 25, has its load increased by 
the torque reaction, and the other has its load decreased. When 
controlling the machine the pilot has in the ailerons an easy 
means of ttiniining the aeroplane back on to an even keel, ac- 
cording to whether hie engine is fully opened out or partially 
throttled. But if we imagine that the aeroplane is entirely un- 
controlled, and depending upon its Inherent stability, it will be 
perceived that the effect of the torque reaction is to make the 
machine maintain a certain angle of roll, which in turn will 
encourage a slight but continuous side-slip. This tendency can 




be overcome by employing either two screws driven in opposite 
directions by a single engine, or two screws each driven by itft 
own engine, and each rotating in a different direction. 

Directional Stability. — If the aeroplane is to retain its lift it 
is necessary that the relative air shall move across the surfaces 
from leading edge to trailing edge, and not, either wholly or 
partly, from wing-tip to wing-tip. It is, consequently, essential 
that the machine should "follow its nose," and that its only 
motion of translation should be along its fore and aft axis. 
In order to furnish an aeroplane with a directional sense, and give 
it the ability to resist rotation about its vertical axis, the principle 
of the arrow is adopted, and a tail fin provided whereby the 
effective side area of the machine in the rear of the e.g. is greater 
than that in front of the e.g. — i.e., whereby the moment of the 
fin area behind is greater than the moment of the fin area in front. 
In Fig< 26 an aeroplane is shown undergoing a " spin " — that 
is to say, it is Jiot following its nose, but its axis is inclined to 
its line of flight, which latter is represented by the dotted line. 
The relative wind is suggested by the arrows. If the moment 
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of the fin area behind the o.g. ia sufficiently great a couple will be 
immediately formed in the clockwise direction indicated by the 
arrow, and the efiect of thia couple will be to restore the aeroplane 
to ita proper attitude to the flight path. In this connection 
it is important not to confuse a " spin " with the idea of the 
aeroplane altering its course, inasmuch as the path of the o.g. 
of the maohine is not necessarily affected by a spin. 

If the fin is of auf&cient size to balance the aide area in front 
of the e.g. (all side area has a fin eflect, and hence the rearward 
extension of the fuselage, the tail skid, the edges of the tail 
plane, all act as fins) the aeroplane acta as a weathercock, and, 
as is obvious from the conditions shown in the last figure, tends 
when struck by a guat to turn ita nose into the gust. This 
involves the aeroplane in altering its course from time to time if 
left to itself, but this, in any case, in the absence of reasoning 
control, ia entirely unavoidable. It is obviously better to have 
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the machine possess weathercock stability than its converse, in 
which the effective fin area ia front of the e.g. is greater than that 
behind. In thia event, the moment a spin begins it ia, instead 
o( being checked, immediately encouraged, and would continue 
until the machine lost all sense of direction and simply fell to the 
ground. 

At the same time it is possible to have too large a fin. It will 
be understood that in dealing with the action of an aeroplane 
rolling and side- slipping, in the last section, only the effect 
of the main planes was considered, but that there is also an 
important efEect upon the subsidiary surfaces, especially the 
fin. Fig. 27 shows a machine side-slipping — such a side-slip 
may be produced by a roll, or by under- or over-banking on a 
turn, or be caused deliberately by working the ailerons in op- 
position to the rudder. If the fin is very large, the moment 
the side-slip occurs, the machine tends to spin, as shown by the 
Rrrow, and as this will involve it in a change of direction it ia 
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not neceesarily deairable. If the fin is made of reaaonable aize, 
neither too large nor too small, it will give the aeroplane a general 
weathercock tendency, which is deairable ; but, at the same time, it 
will not allow the machine to be eo sensitive as to immediately 
change direction at the least sign of aide-slip. 

Secondary Effects. — When an aeroplane spins on its vertical 
axis, from whatever cause, the relative speed through the air of 
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one wing is increased and that of the other decreased. In the 
above figure the speed of the wing B is increased by the clockwise 
spin, and hence its lift is increased. As a consequence the spin 
is accompanied by a roll, as shown in the accompanying figure 
(Fig. 28). The original side-slip tends, as shown in the con- 
sideration of lateral stability in a previous section, to cause the 
machine to roll with the wing A uppermost. The spin tends 
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to give more lift to B, and bo correct this discrepancy, and if 
rapid may actually overwhelm it, so as to promote the anti- 
clockwise couple shown in the figure. The subsequent roll will 
be again accompanied by a side-slip, and the aide-slip accompanied 
by a spin. It will, of course, be realized that these motions 
may only take place to a very small extent, but that they exist 
none the less, and must be taken into consideration. It mil also 
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be perceived that there is a most intimate connection between 
Bpinmng, rolling, and eide-alipping, and that each can reproduce 
the other. 

It is sometimes supposed by the lay mind, and sugffested 
by the fallacy-monger, that if an aeroplane be truly stable in 
a directional sense, it can, without help from the pilot, follow 
any given course entirely irrespective of any gusts that strike 
it. This is, of course, absurd. It is of no consequence to the 
aeroplane in what direction the air is moving relative to the 
^und, the only thing that it takes note of and obeys are changes 
in wind direction; and as these are entirely unsystematii: and 
fortuitous, it follows that, under actual flying conditions — the 
air, however apparently calm it may be, is never really in a state 
of rest — a stable machine left to itself will follow a most erratic 
course. This is well seen by the behaviour of free models. 

If an aeroplane is laterally stable it may be controlled dlreo- 
tionally by means of the rudder alone, and aileron control ia 
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only called for for purposes of corr^tion near the ground, and also 
lor the execution of very rapid turns. When the rudder is 
thrown over to the right, as shown in Fig, 29, a force is produced 
upon it wliioh has two eSects. Firstly, it tends to turn the 
machine in the direction of the arrow (dotted); and, secondly, 
it causes the whole machine to yaw oi aide-slip in the direction 
of the wing A. This side-slip is, aa explained before, necessarily 
accompanied by a roll, and if the aeroplane was previously 
flying level it will now turn and change direction, and at the 
same time it will bank itself in the desired manner as shown in 
Fig, 30. Such banking will be automatically correct, and will 
go on increasing until the tendency to side-sLip outwards, pro- 
duced by the centrifugal force uf the turn, is equal and opposite 
to the tendency to side-slip inwards, due to the banking efiect. 
It is in this connection that the importance of the fln size 
becomes manifest. If the rear fin moment is very big the ten- 
dency will be for the aeroplane to resist the yaw, which gives 
rise to the desired banking effect, whereas if the fin be too small 
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the tendency will be for the turn to be too quick for the amount 
of bank that is available. Henoe, to produce an fteroplane that 
shall be thoroughly stable and capable of looking after itaeif on 
tumB, a nice adjustment of £n surfaces is lequiied. 
It may be noted, in passing, that in a tiaotor aeroplane the 




screw, placed as it is some distance from the centre of gravity, 
has a by no means negligible fin efiect. Let us suppose that we 
are looking at a counter-clockwise screw from the front, as shown 
in Fig. 31, and that the screw is struck by a gust coming from 
the left, as suggested by the arrows. In this event the rSative 
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speed between the blade and the air is greater when it is at the 
top than at the bottom, and this unsyiametiioal disposition 
of resistance is exactly the equivalent of a fin placed in the same 
place as the screw. The same thing applies to a pusher screw; but 
M this is invariably very close to the e.g. of its machine the 
moment of its finnagc is negligible. 
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It is commonly supposed that a stable machine is ipso /ado 
difficult to control. To the extent that a stable machine haa, 
so to speak, a " will of its own," this is true; or, at ail events, 
itiu true that the stable machine is quite naturally a little slower 
in response. This, however, is only disadvantageous in such 
machines as those in which intense manceuvrability is demanded 
for fighting or stunting purposes. Providing a pilot tias sufficient 
elevator control to "stall" the aeroplane when required, and 
suflicient aileron to overwhelm its natural lateral stability, and 
enough rudder to resist its weathercock tendency, there is no 
reason why stability should interfere with controllability. Owing 
to its tendency to trim itself to suit every gust a stable machine, 
if left to itself, la likely to be more bumpy and fractious when 
flying in bad weather than an unstable one; but if the same 
control is exercised in both cases this difference is reduced to a 
negligible amount. One is quite safe in prophesying that for 
peace-time purposes, as opposed to the requirements of offensive 
warfare, the stable machine is desirable on all accounts. 
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PROPELLERS 

By E. p. king, B.8c. {Bug.), Lond. A.M.IJUkch.E. 

]1. TerminolOKr. — According to the striotmeaning of the void, 
»ny device or instrument used for propulsiou may be termed & 
■pTOfdler, whether it be of the sorew, jet, paddie, or any other 
type. The Hcrev> propeller being, however, the most efficient 
and only really successful form of propelling device both for 
marine and air craft, the signifioance oi the term propeller has 
been narrowed to refer only to the sorew actuator. Some aero- 
nautical engineers, indeed, have endeavoured to restrict the use 
of the term to airscrews located at the rear of the body, or behind 
the engines of an aircraft, in a position which, more or less, 
ooiresponds to that of the manne propeller. According to 
general usage', however, the term propter may be employed 
synonymously with aintcrew, regardless of the position which 
this may occupy on the airoraft. 

§ 2. The Newtonian Method- — In order that simple hydrostatic 
and aerodyuamic phenomena may be dealt with mathematically 
according to the fundamental laws of force and motion, Newton 
makes use of a hypothetical medium, which is defined as con- 
sisting of a large number of material particles equally distributed 
in space, possessing mass, but of no sensible magnitude. Each 
of these particles is supposed to move independentiy, and is quite 
unconnected, and without influence on any of the neighbouring 
particles. In such a hypothetical medium the phenomenon of 
" action at a distance " does not exist, and the only way that 
momentum can be communicated is by actual contact with the 
impeller. Bodies traversing such a medium experience a drag, 
which, by the second Law of Motion,* is proportional to the 
momentum communicated per second in the direction of the 
motion of the body. Similarly, the thrust obtfuned from an 
aituator operating in this medium will be proportional to the 
momentum imparted per second to the rearward wake stream, 
la his classic paper of 1865 before the Institution of Naval 
Architects, t Dr. Bankine says: "The reaction of the stream 



f "On the Heohanical Principlea of the Aoti<»i of Propellers," bj Dr, 
Vr. J. Ranktae, Tram. I.N.A., 1865, vol vi., p. 13, 
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of fluid acted upon by any propelling instrunient ia the product 
of three factors — the mass of a cubic foot of fluid, the uuniber of 
cubic feet aoted-on per second, and the velocity impreBsed on 
the fluid." In Fig. 1 (a) an ideal disc actuator is shown operating 
in a hypothetical medium such as we have been considering- 
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Since the medium is discontinuoua, and there is no " action at 
a distance," the rearward momentum must be communicated 
instantaneously at the moment the particles of the medium 
pass through the actuator disc. If p be the maea-density of the 
medium,* A the area of the actuator disc, V the velocity of this 

• p = ?=?^=OK)0238 slugB/foot* lor sir at ground leveL See J 21. 
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latter relatively to the oncoming stream, and v the added wake 

Telocity, the thrust, f, may be expressed thus — 

T-pAVv . . . . (1) 

Now the efficiency of working will be given by the ratio — 
__ . useful work/sec. 

•' "'^ total work expended/sec. 

UBefiil work/sec. 

~ useful work/sec. + enei^y lost to wake/see. 
TV MVv V 



TV+iMv^ MFv + ^Mv' V+l 



(2) 



§ 3. B. E. FMnde'B Remit. — Let us now consider the case of 
the ideal disc actuator operating in a real fluid such aB air. The 
continuity of such a medium would naturally cause the oncoming 
air to start accelerating before reaching the actuator disc, eo 
SB to give a 8m.ooth velocity and pressure gradient through the 
actuator. The problem is to find the magnitude of this inflow, 
or intake, velocity in terms of the total added velocity. If T 
be the thrust, M the mass of air dealt with per second, V the 
actuator velocity, v^ the inflow velocity, and v^ that part of the 
total added velocity, v, which is communicated to the air at the 
rear of the median plane of actuator, we have the following 
relations. Note that work per second done on air is equivalent 
to the product of thrust and air velocity at moment of passing 
through actuator. Thus we may write — 

nV + v;i = M{v^ + Vt)(V+Vj) . . . (3) 

But this must be equivalent to the difference in kinetic energy of 
stream (per second) before and after passing through the actuator 
disc. The gain in kinetic energy per second will obviously be 
given by — 

Jif[(F + Vi + t.j)'-F'] . . . (4) 

By equating expressions (3) and (4) we have^ 

K + f,)(F + i>i)-J[(f' + r,+v,)'-F'] . . (5) 

From this equation we find «,— «i; but r=tJ, + Vj, bo that 

Uj=Vj = 5. We conclude that one-half of the added slip velocity 

is anUcedent, and the other half posterior, to the median plane 
of the ideal actuator. Under such conditions of operation the 
air velocity at the moment of passing the actuator disc will be 

^iven by F+Vj or F+^, and the mass of air dealt with per 
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second will therefore be given hj pA{V+Vi) or pA(v+~\. The 
thrust of the actuator may accordingly be expreesed thus — 

T~pA{V + v,)v = pa(v + 1)v . . . (6) 

J 4. Inflow Besnits applicable to an Aincrew. — It is a remaik- 
J fact that the ratio of inflow to total slip velocity, obtained 
ae above by the simple application of first principles to the 
hypotheticu actuator, agrees with the ratio which, used in 
conjunction with the orthodox method of airscrew analysis and 
design, gives results in close agreement with those obtained in 
actual practice. This result has also been confirmed by an 
important investigation recently made at the National Physioal 
Laboratoiy at Teddington.* It has been shown that the 
calculated performance of an airscrew by the momentum method 
and by the blade element method may be made to agree with 
each other, and also with the experimental results, when the 
ratio of the total added wake velocity to the infiow velocity 

has a mean value of 2-1. The inflow ratio ^ is, in the report 

referred to, represented by the symbol a, so that v^, the intake 
velocity, will be given by aF, and the total added wake velocity, 
V, will be given by the expression 2-IoiF. The air velocity 

at the projuJler disc thus becomes F+p,= F( 1 +-41= F(l +a), 
the mass dealt with 'per second being accordingly given by 
pA V{1 + a). The thrust, T, may therefore be expressed in the 
following form — 

T = pAV*{l + a.)2-la . . . (7) 

If now we substitute w = 2ii,=2aFin the Froude equation (6) 
we have the practically identical result — 

T-pAr*{l + a.)2a . . . . {8) 
which may also be written in the following way by substituting 
A^'-^~ 

. T~pD'y\l^^)la . . . . (9) 

It will be seen that the value of the inflow ratio, a, depends 
only on that of the " absolute thrust coefficient " T',— Vtfif f 

* Vidt B^port of the National AdvisoTy Committee for Aeionantici. 
No. 32S, May, 1917. 
t Vide g 17. 
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The variation of a with T\ may be coDveniently represented by 

means of a curve such ae shown in Fig. 2. It should be noted that 

_ THPx 550 BffPx 11x550 ,,_. 



t that we have — 
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Fto. 2. 

§ 5. Conflgnistioii of Air-flow paat «& Actual Ainorew. — 
Under ideal conditions of operation the air passing through an 
actuator is assumed to enter and leave in a cylindrical column 
such as shown in Fig. 1 (i). The state of the air which actually 
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eziets near and around a screw propeller when in operation is, 
however, very different, having a motion somewhat as shown 
in Fig. 1 (c). ' It is there seen that the wake stream takes up a 
configuration similar to that of a coarsely stranded rope, the 
number of air strands being determined by the number of blades 
to the propeller. From actual exploration it has been found* 
that the wake stream of any normal propeller contracts as it 
passes rearwards, and that the^minimum diameter occurs at an 
axial distance about equal to half the diameter of the propeller 
measured rearwards from the median plane of operation. At this 
point the " waist " diameter is about three-quarters that of the 
propeller itself. It is found that the slip stream has a sharply 
defined boundary consisting of a narrow zone of air moving with 
a small negative velocity. As the wake stream expands this 
boundary phenomenon gradually disappears, so that at eight to 
ten diameters rearwards only a small eddy motion remains. 
The maximum velocity communicated to the aii occurs at about 
two-thirds the propeller radius from boss centre, this result 
being in good agreement with that obtained by Eiffel for a small 
sorew one metre in diameteT.f From the tests made at the 
National Physical Laboratory,} it appears that the effects of 
inflow commeQce to appear at an axial distance equal to the 
diameter of the screw when operating at high values of the 
thruBt coefficient T'„ but that at small values of T'„ no mani- 
festation of inflow occurs till within one-half the propeller 
diameter forward of the screw plane. The rotational spin does not 
appear till within one-eighth the diameter measured forward 
01 the propeller, but even at eight diameters rearwards this air- 
spin is atill noticeable. In Fig. 3 the velocity and spin gradients 
for the N.P.L. propeller (16 inches diameter) are shown for 
various values of T',. It will be seen that the inflow ratios are 
always greater than those given for the same T', values in Fig. 2. 
This is explained by the fact that only maximum values are 
plotted in Fig. 3, whereas Fig. 2 is based on uniform distrOrution 
of air velocity over the entire cross section of slip-stream. 

§ 6. Claniflcation of Airscrews. — Airscrews are usually classed 
acobrdii^ to their direotion of rotation when viewed from the 
extreme rear of machine, and also according to their position 
in rebUion to the main planes of an aeroplane. An airscrew 
located in front of its power unit, or in front of the body or 
main planes of an aeroplane, is termed a tractor screw, while one 
located at the rear of its power unit, or behind the main planes, 
is termed a pusher screw. A right-hand tractor screw ia one which 
being situated in front of the body or main planes oiF an aeroplane' 
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tuiQB in a clockwise direction when viewed from the taU of the 
maohine. Similail;', a right-hand pusher screw ia one located 
to the reSiT of the main ^anes, but alao turning in a clockwise 
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Fig. 3. 

A. Curves showing Maximam Eotatunal Velocity ii 



direotion when viewed from the rear of the machine. Lett-hand 
tiaotoFS and puahera rotate in the opposite direction — that is ti> 
say, anti -clockwise when viewed from the tail of an aeroplane. 
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§ 7. Tfpes of Airscrew. — The aerodynamio type and per- 
formance of a propeller depends chiefly on its plan form, number 
of blades, and their shape in cross-section. It also depends on 
the distribution of the angle of attack over the working part of 
the blade. Each type of propellec may he used as a model 
for any number of geometricaUy similar propellers of difierent 
diameters, and it may also become the progenitor of a whole 
family of propellers having the same plan form, blade section, 
and attack distribution, but of diSerent diameter and pitch 
values. 

§ 8. Aspect Batio and Shape ol Propeller Blades. — The aspect 
ratio of a propeller is usually defined as the quotient of full 
diameter by maximum blade width. Experiments made by 
Dorand* have shown that the best aspect ratio is about 10, 
and that only very little, if any, advantage is gained at higher 
values. This result is confirmed by experiments on four-bladed 
screws made at the National Physical Laboratory.f practically 
no increase in eSicienoy being obtained by increasing the aspect 
ratio from 10 to 15. A report of forty-eight propeller teats is 
given by Dr. Durand.J the conclusion being that fairly narrow 
blades give the highest maximum efficiency, but that, generally 
speaking, wide blades are better when a propeller is operating 
at high slip values or under climbing conditions. In the standard 
blade form curves shown in Eig. 4, the aspect ratio is seen to be 9. 
The precise shafe to be given to a screw propeller blade in order 
to secure the best possible maximum efficiency is another difficult 
and complex matter to decide. Certain it is, however, that all 
abnormal blade shapes, such as those of the snail-shell and 
turbine types, give a very low maximum efficiency. Very wide 
or very narrow blade tips should be avoided; but, as a general 
rule, the blades of slow-running propellers may be wider or 
fuller at the tips than those for high-" revving" screws. Bejeuhr, 
who has conducted many experiments on propellers with difierent 
numbers and types of blade,§ found that the best results were 
obtained with propellers having a few narrow blades evenly 
tapered and faired oS to the tips. 

§ 9. Nnmber ol BIades.^Fractically all successful types of 
airscrew are of the two-bladed or else of the four-bladed variety, 
although, of course, there is no real difficulty in constructing a 
propeller with many more blades. From first principles it appears 

♦ "Btude eiperimentale doa helices propuUives au Laboratoire d'Aero- 
nftatique Militaire de Cbalaia Meudon," La Teehniqite Aironavtigae. 
June I, 1913. 

-f- Vidt Report of the National Advisory Committee for Aeronautics, 
Ho. 3ia, February, 1917. 

} Vide Third AJmual Report of the (American) Advisory Committee for 
AeronautiiiB. Report No. 14, Part II., hy I>r. W. F. Ducand. 

{ These axperimentB were carried out on a Bpecial track laid down ia 
oonjunction with the Frankfort Interoational EAibition of 1909. 
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that the larger the niunber of blades the more nearly does the 
stranded slip-stream approach to a oylindiical column of air 
moving with umform velocity, and oonsequently the smaller 
ihe Jniv; loss. This, however, does not take the instrumerUal 
losses into a«count which are incidental to the setting up of the 
more uniform wake-stream. Blade interference becomes very 
jerious with low-pitched multibladed screws, and as a result of 
teats made with propellers having 8, 16, and 24 faladee, Constanzi* 
confirmed the conclusions of Bejeuhr that the best results' are 
■obtained with but few blades. Actually, the designer has little 
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choice in the matter, as only two- and four-bladed screws are 
now permissible, the number of blades being fixed chiefly by the 
rotational speed of the propeller shaft. As a rough guide, it 
may be stated that high- "revving" propellers required to operate 
above 1,400 r.p.m. give the better performance when constructed 
as (wo-bladers, while low-" revving" screws below 1,400 r.p.m, 
are more satisfactory a b /our- bladers. This result, arrived at _ 
from actual performance data, is shown in Fig. 5, where it is 
seen that the " first approximation " efficiency curves intersect 
at a tip speed of about, 700 ft./sec. — corresponding to 1,400 r.p.m. 

* Vide "Nota sulU reabtenzn de1)e eliche autorolanli," 1913. 
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with a propeller 9 feet 6 inches in diameter. Propellers driven 
directly off the engine shaft are generally more efficient as two- 
bladers, while propellers used in conjunction with geared-dowu 
engines are usually more satisfactory as fouF-bladers. Some 
important experiments on the relative merits of two- and four- 
bladed screws have been carried out at the National Physical 
Laboratory,* the blades themselves being identical, and the 




screws, therefore, having equal face-pitch values in each casr. 
The resulting eificiency curves for type A airscrews, having an 
aspect ratio 10, are shown in Fig. 6. It is seen there that (a) the 
maximum efficiency of 73^ per cent, is attained with the two-bladed 
screw; (6J a maximum efficiency of 70^ per cent, is attained 
with the four-bladed screw, in which all the blades operate in 
the sanie plane of rotation; and that (e) a maximum efficiency 

e Eor Aeroaautica, No. 316, 
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of only 68 per oent. is attained with a four-blader formed by 
superimposing a pair of two-bladera at right angles to each 
other. At the same forward and rotational speed values it 
was found that the torque, and consequently the brake power, 
required to operate the four-bladed screw was about l-80 that 
required by the two-blader; while the thrust was only 1-72 
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times as great in the case of the single piece propeller, and 1-70 
times as great in the case of the four-blader in two sections. 

§ 10. Divtribotion of Angle of Attack. — The manner in which 
the attack of a propeller blade varies from root to tip has an 
important bearing on the shape of the efficiency curve, and 
consequently on the performance of a propeller. According to the 
definition of M. Soreau,* a " rational " propeller is one designed 
to operate at a constant angle of attack over the whole blade. 
This is, indeed, a satisfactory method of design where it is more 
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important to secure a well-" rounded " top to the efficiency 
curve and a good " all-round " performance rather than one which 
ia especially good when thepropeUeris operating under a particular 
set of aerodynamic conditions. If, for example, the very highest 
performance be required when operating " all-out level/ the 
angle of attack of each blade element should be bo increased, 
with increase of camber towards the propeller toss, that each 
section may function at its maximum lift-drag ratio everywhere 
over the blade. A very " peaky " propeller characteristic usually 



Fro. 7. 

results from such a distribution of attack, a very high maximum 
efficienoy being, however, obtainable. 

g 11. Definition of Pitch. — Much ambiguity has arisen as to the 
meaning and use of the term "pitch In connection with an airscrew. 
It is important, therefore, to clearly discriminate between the 
face pitch, Ff, the effective pitch, P„ and the m^an experimental 
pitch,?,. The/ace pitch, Pp is obtained according to the following 
geometric rule, where A is the blade-face angle at a criterion 
aeotion two-thirds of the full propeller radius measured from the 
boss centre. Thus we have — 

P,^trDtiuiA-2-lDtmA . . • (13) 
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A chart for quickly findiBgP,£or all propellers from 6 to 15 feet 
diameter is given in Fig. 7. The face pitch la useful as a rough 
guide in judging the suitability of a propeller for any particular 
engine and aeroplane combinatioD. It is the figure ordinarily 
referred to in making uae of the term pitch without qualification, 
and it is that which is stamped on the propeller -boss. The m^an 
effective pitch is the advance per revolution which an airscrew 
makes in an axial direction when operating under some definite 
condition of speed or climb. It is a quantity which varies with 
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each speed and manceuvre of an aircraft, being zero when the 
propeller is simply turning under static conditions, and a maximum 
when flying " all-out level." If P. is in feet, Y in ft./aec, n in 
revs./sec, , we have— 

'.=-:-s ■ • : ■ • <-, 

A chart for quickly finding P, for all , propellers operating at a 
rotational speed between 700 r.p.m. and 2,500 r.p.m. is ^ven 
in Fig. 8. The mean experimental pitch, P„ of a propeller is the 
axial advance per revolution which muatbe "artificially" im- 
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posed on the screw in order that the thrust may be reduced to 
zero. Under such conditions of operation the slip aJao vanishes, 
and the propeller simply " screws its way " into the air without 
leaving any azial wake. It is, ol course, impossible to reproduce 
these conditions in normal flight, although in the case of a steep 
nose-dive a propeller may change its function into that of a 
windmill, the effective-pitch value, P„ then being even greater 
than the mean exferimerUal pitch, P^ As we shall see presently, 
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Fro. 9. 

the best efficiency is usually attained when the iMan effeclive 
pitch of a propeller is three-quarters of its mean experimenta 
pitch. If it is desired to obtain a theoretical estimate of the 
zero-tkrust pitch of a propeller, the rule already given for finding 
the face pitch may be used, the blade-face angle, A, now being 
increased by the inclination a, between the no-lift line and 
faoe line of the criterion propeller section. Thus we have ap- 
proximately — 

p. = 2-lD tan {A + a,) . . . (14) 
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§ 12. Deflnition of Pitch-diameter, Velocity and Slip Ratios.— 

There is abundant evidence to show that the maximum efficiency 
of any membei of a family of pcopeUers, conforming to the same 
type of blade, chiefly depends on the zeTo-thrutt pitch-diameter 

ratio -g. Of course, the actual efficiency attainable in any 

particular case also depends on the blade shape, section, and 
distribution of attack; but this efficiency may be closely es- 
timated by making use of such a family of characteristic curves 
as shown in Fig. 14. Even where the wisdom of applying the 
general result to any particular case is called into question, the 
shape of the maximum efficiency envelope may be assumed as 
substantially correct for all types of airscrew, whether two- or 

V P 
f our-bladed. The effective pitch-diameter ratio, —k — ^, normally 

p 
falls short of the zero-thnat pitch ratio, W, the difference between 

the two values being representative of the angle of attack and 

p 
slip of the screw blades. The velocity ratio is defined as y , 

P -P * 

and the slip ratio as -^ — '-. The efficiency curve for the two- 

V 
bladed screw of type A shown in Fig. 6, plotted against -g, 

has been replotted in Fig. 9, on a slip-ratio base, the thrust 
coefficient curve, T\, and torque coefficient curve, Q'„ also being 
shown in Fig. 9. In accordance with the general rule stated 
in § II, the maximum efficiency of propeller A occurs when 
P, = -75 P„ or at 25 per cent. slip. 

§ 13. The Blade Element Metbod ot Piopdler Analysis and 
Deogs. — Consider now the intensity of the aerodynamic reactions 
on a small element of a propeller blade such as that shown in 
cross-section in Fig. 10 {a) and (b). Let us first deal with the 
simpler case, neglecting forward rotational spin. If F be the 
forward velocity of the aircraft and propeller, tij the inflow 
vdocity of the aij just in front of the blades, and 6 the angle 
between the resultant wind direction and the plane of rotation 
of the propeller, the magnitude of the oncoming wind velocity 

relatively to the moving blade element will be given by — > — ^, 

and the " absolute " angle of attack will be given by the rela- 
tion — 

<2.= A-\-tt.-0 .... (15) 

In accordance with the usual rule for finding the normal reaction 
on an aerofoil, we have — 

'^-'M^y • • ■ • («> 
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wherft L is the iraensitt/ of the reaction normal to the relative 
wind direction, w is the width of the blade element and p, K^, 
etc., have their usual significance. Now the gliding angle, y, of 
the propeller element may be obtained from the simple relation 

y = tan" [y)' ^^ *''** *^^ intensity of total reaction, R, may be 
expressed — 

Further, the intensity of reaction, R, may be split up into two 
mutually normal components — a thrust component, T, acting 
axially in the direction of translation, and a drag component, D, 
acting tangentiaUy to the circular path of the blade element, and 
in its plane of rotation. From the geometry of the figure it 
will be seen that — 

^-'"."[tlne) cosy • • '•*> 

Z)=,WlijY55i»±i) . . (19) 

'^ * \ sm ^ / COS y ' ' 

Since r is the radius of rotation of the propeller element the 
torque, Q. may be expressed— 

Q.,E,Jl±fi'i!dilyl.r . . (20) ' 
* '^ ' V 8in e / COS 7 ' ' 

Now the efficiency of the blade element will be given by the ratio 
of useful power to power expended. The useful thrust-power 
JH obtained by taking the product of thrust and axial speed thus, 
TSP = r X P-i-550. The brake power expended is given by the 
product of drag and rotational speed thus, BHP=Dx2irm-t-5W), 
The efficiency, ij, may therefore be written — 

TFT 

"^S^a^^-fl*^"^! ■ ■ ■ (21) 

Substituting for T and D the values obtained in equations (18) 
and (19), we have the following important result for the efficiency 
of a propeller blade element — 



cos(^ + y) 



^^''^i-tSTrT?^ • ■ (22) 



1 (# + y)"'"''i=tan(tf + 7) 

In Fig. 10 the thrust and brake powers are represented by 
rectangles constructed on the velocity vectors, V and 2imr, 
respectively. The efficiency of operation will then be given by 
the ratio oi the areas enclosed within these rectangles. 
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§ 14. Effect of Forward Air-spin. — If we take the front air-apiu 
into account it will be apparent that the blade element is virtually 
operating at a smaller relative air speed than previously as- 
sumed; for the air just in front of the blades has a velocity com- 
ponent, tr, in the same plane and direction of rotation as the 
blades themselves. The relative air speeds in an axial and 
rotational direction are thus given by the expressions ( F + ti.) and 
(2T«r— (t) respectively, these component velocities combining 
to give the relative oncoming velocity V( F + «i)' + (2ir»i- - o-) 




Obviously this result is less than that obtained by neglecting 
front spin. It will also be clear from a comparison of diagrams 
(a) and (6) in Fig. 10 that the calculated angle of attack of any 
element will, if forward spin be allowed for, be less than previously 
determined. The analytical thrust and torque of the propeller 
will accordingly be smaller, both on account of the reduced 
relative air speed and also on account of the decreased angle of 
attaok. The eSect of forward spin In decreasing the efficiency 
of a blade element will be apparent from an examination of 
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equation (22). It will be seen that at the same forward and 
rotational speeds as before, and at the same gliding angle, the 
efficiency of working becomes less as the slope of the relative 
oncoming wind becomes greater. That is, for constant $^ and 
7 values the effioiency ij becomes leas as 6 becomes greater. 
Aotually, the value ot y will change with the angle of attaok, 
and if the original analysis showed the blade to be operating at 
its smallest y value, the reductioji in attack, due to the allowance 
for forward spin, will cause y to increase, and the efficiency 
to suffer accordingly. A useful table for finding the gliding angle, 

7, corresponding to all values of -^ from 5 to 23 is given herewith: 





Tabu 


0» QtlDlNG Anolm fo 


LID Ratios feom 5 to 


23. 




L/D 


y 


L/D 


7 


L/D 


7 


^ 


7 


L/L 


7 


L/B 


y 


60 


11° 19' 


8-0 


7° 08' 


11-0 


5° 12' 


.... 


4° 05' 


17-C 


3° 23' 


200 


2" 62' 


-51 


iro6' 


8-1 


7° 04' 




6° 09' 


14 1 


4=04' 


17- 


3° 22' 


20-1 


2" 62' 


5-2 


10° 52' 


8-2 


6° 68' 


11-2 


5° 05' 


14'2 4° 02' 


17- 


3° 20' 


20-2 


2° 61' 


6-3 


10" 42' 


8-3 


0=54' 


11-3 6° 02' 


14-3. 4° 00' 


17- 


3° 19' 


20-3 


2-60' 


S-4 


10° 29' 


8-4 0° 47' 


11-4, 6° 01' 


14-4 


3° 57' 


17' 


3=19; 


20'4 


2° 49' 


5-6 


10° 19' 


8-5', a° 44' 


11 '5 4° 58' 


14'5 


3° 50' 


17- 




20'6 


2°4S' 


5-6 


10= 09' 


8-0 


6" 37' 




4° 56' 


14-6 


3° 54' 


17- 


3° 16' 


20-6 


2° 48' 


6-7 


9° 50' 


8'7 


6° 34' 


117 


4° 62' 


14-7 


3° 52' 


17- 


3° 18' 


20- 'i 


2° 47' 


6-8 


9" 40' 


8.8 


6° 30' 




4° 50' 


14-e 


3° 52' 


17- 


3° 14' 


20-6 


2° 46' 


5'9 


9° 54' 


8'9 


6° 24' 


11-9 


4° 48' 


14-9 


3° 60' 


17- 


3° 13' 


ao-8 


2° 45' 


6-0 


9-29' 


9-0 


6° 20' 


120 


4° 46' 


16-0 


3° 49' 


18' 


3° 12' 


21-0 


2° 44' 


e-1 


9° 19' 


9-1 6° 17' 


12'1 


4° 43' 


15-1 


3° 48' 


IS- 


3° 10' 


21-1 


2° 43' 


e-2 


9*^09' 


9-2 6° 13' 


12-2 


4=41' 


15'2 


3° 47' 


IS- 


3° 09' 


31-2 


2° 42' 


6-3 


9° 02' 


9.3 6° 10' 




4° 38' 


16-3 


3° 47' 


IS- 


■ 3° 09' 


il-3 


2=42' 


6-4 


8=52' 


9-4 6° 03' 


12-^ 


4° 30' 


16-4 


3° 43' 


IS- 


3° 08' 


31-4 


2° 41' 


65 


8° 45' 


9-5 6° 00' 


12-5 


4° 35' 


15-5i 3° 42' 


18- 


3° 07' 


31-5 


2° 40' 


«-6 




9-& 5° 50-' 


12-6 


4° 31' 


156i 3° 40' 


IS- 


3° 00' 


21 -6 


2° 39' 


8-7 


8° 29' 


9-71 5° 63' 


12-7 


4° 30' 


15-7; 3° 38' 


IS- 


3" 06' 




2-38' 


6-8 


S°22' 


9-8, 5° 50' 


12-8 


4° 28' 


15-8| 3° 30' 


18- 


3=04' 


n-E 


2° 38' 


6-9 


8" 16' 


9-9 


5° 46' 


12-9 


4° 20' 


15-9| 3° 30' 


18- 


3° 03' 


n-6 


2° 37' 


7-0 


8° 08' 


lO'O 


6° 43' 


13-0 


4° 24' 


16-01 3° 36' 


19- 


3° 02' 


22-0 


2''36' 


7-1 


8° 02' 


lO'l 


6° 39' 


13-1 


4° 21' 


leai 3° 34' 


19- 


3° 00' 


22-1 


2° 35' 


7-3 


7° 65' 


10-2 


5=36' 


13-2 


4° 20' 


10-2 


3° 33' 


19- 


2 2° 59' 


i2-2 


2°36' 


7.3 


7° 48' 


10-3 


5°33- 


13-3 


4" 18' 


ie-3 


3° 30' 


19- 


S 2° 69' 


i2-3 


2° 34' 


7-4 


7° 41' 


10-4 


6° 29' 


13-4 


4° 16' 


10-4 


3° 30' 


19- 


i 2° 58' 


i2-4 


2° 34' 


7-5 


7° 35' 


10-5 


6° 26' 


13-5 




16-5 


3° 30' 


19- 


B 2° 57' 


22-5 


2° 32' 


7-6 


7'31' 


10-6 




13-6 




16-e 


3" 28' 


19 


6 2° 56' 


22-6 


2° 31' 


7-7 


7° 25' 


10-7 


5° 19' 


13-7 


4° 11' 


16-7 


3°27' 


19 


7 2° 56' 


22-- 


2° 31' 


7-8 


7=18' 


10-8 


5° 18' 


13-8 


4° 08' 


16-8 


3° 26' 


19 


8 2° 54' 


i2-g 


2° 30' 


7-9 


7° 14' 


10-9 


6° 16' 


13-9 


4° 00' 


16-e 


3° 24' 


1» 


B 2° 63' 


22-fl 


2° 30' 



g 16. Thnut and Tomne Orading Corvei. Calculation of H.P. 
and 7/. — The thnwt and torque grading curves of a propeller 
are obtained by plotting the thrust and torque intensities against 
radius of rotation. The curves shown in Fig. 11 apply to a 
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particular f our-bladed propeller 10 feet in diameter, the rotational 
speed being 1,200 r.p.m. (20 revs./sec.l, and the forward speed 
104 m.p.h. (153 ft./seo.}. The area of the torque diagram 
is seen to be 12-3 units, and that of the thrust diagram 8-2 units; 
but, since each unit correspondB to 40 lb. -ft. and 40 lb. respec- 
tively, the total torque per blade is obviously 12-3x40 = 492 
lb. -ft., and the total thrust 8-2x40 = 328 lb. Now we have 
seen that the total torque of a four-bladed screw is r8x2 = 3-6 
times that of a single blade, while the total ,thrust is only 
1 -72 X 2 = 3-44 times that of the single blade, bo that we have — 

„ „ _ total torque in Ib.-ft. x 23r x revs./sec. 
B.H.P. = ggg— ~ 

492 X 3-6 X 2ir X 20 ,„„„„„ 
550 *05S.ff.P. 

total thrust in lb. x azial speed in ft./sec. 

^■^■■P- m 

328 X 3-44 X 153 

" 550 



= 314 T.H.P. 



B.H.P.~ iO&~ 

§ 16. Aetodynsmic Data onAinHsrewSeotioiu. — The geometrical - 
contours and aerodynamio characteristics of six sections suitable 
for airscrew design are given in Fig. 12. The shape and pro- 
portions of the various sections were taken from an actual air- 
screw, the models tested being made to a uniform size of 
6 inches x 36 inches. The air speed in the test channel was 
kept as nearly as possible constant at 80 ft./seo., so that we 
have vl=iO ft.yseo. units. As the models were tested at this 
liiffh value of vl, it maybe assumed that the full scale charaeteristioB 
will be practically identical with those shown in the curves. This 
assumption is justified by the close agreement usually obtained 
between the calculated and actual performance of an airscrew 
when high-speed aerofoil data is employed. 

§ 17. Tbe Oiaiacteristio Coeffleieiita of «n Aincrew. — In applying 
the fundamental force equation to the case of the ideal actuator 
we have already made use of the symbol T', to represent the 
absolute thrust ooefhoient. It has been shown that the inflow 
ratio a and efficiency ij are entirely dependent on T',. Let us 
now consider how the thrust, torque, and power of corresponding 
blade elements of geometrically similar propellers varies with V, 
n, and 2), when operating under similar aerodynamic conditions 
—that is to say, at the same angle of attack, a, and therefore 

V 
at the same values of K,, y, 6, a, and — js. From the thrust and 
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torque equations (18) and (20) and the coireaponding power 
equation it will then be clear that — 

T<xpwV^\+a]^ .... (23) 
Oa,)wF'(l + a)'D .... (24) 
P<xpu>r^{l+<i)^ . . . . (26) 

Now the area of corresponding blade elements of sunilar screws 
varies as wt> or as D*. Also, for similar conditions of operation, 
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the inflow ratio a is constant and T(xnD, so that we may rewrite 
the above equations in the following alternative forms — 

V* 
T otp F*C» a pn'D* ap—i . (26) 

Q^pV^D' Q.pn^D" «^ . . (27) 

PtxpV^D* txpi^Ifi <xp^ . . (28) 

By introducing appropriate coefficients and transposing terms, 
we have the fmlowing important results — 

T T Tn^ 

^■■'^my- ^-"-^rai ''•"'-,-?. • f^') 
«-'-?ror. «-"'Jm «-"-,t-- ■ (»' 

f.-'-y^ P."-;^ P.-'-f^. ■ (31) 

In Fig. 9 the values of the absolute coefficients T,' and Q' 
P ~P 
are shown plotted against slip ratio -^ — -. The rapid rise of 

the curves at large slip values should be noticed. Since F is 
involved in the denominator of T,' and Q,', it will be obvious that 
their value beoomea infinitely great when V is reduced to zero — 
that ia to say, the " absolute " thrust and torque coefficients 
have no useful significance under static conditions of operation. 
Under these conditions, the coefficients TJ', Q" and P/' must 
be employed.* 

g 18. Stetic Tbnut ol Propellers and Helicopten. — The quality 
of an airscrew as regards static thrust is generally expressed in 
terms of thrust per horse-power. Now for similar, and similariy 

operating, airscrews we have -p<:/C sria'^'n' ^° ''^**' ^^^ thrust 
per horse-power under such conditions will vary inversely as the 
tip speed. This result is seen in the mean experimental curves 
plotted in Fig. 5, where it iS also apparent that the thrust per 
horse-power also depends on the pitch-ratio of the screwemployed, 
being greater as the pitch-ratio becomes smaller at the same tip 
speed. In order to secure the best results from the large direct 
lifting screw or helicopter, very small tip speeds should be em- 

* It ahould be noticed that vBrious authorities difier in the choice of 
symbols representative of the varioua characteristic coefficients of a pro- 
peller. Thus the N.P.L. makes use o£ a=, bi, for Tc", Q", under static 
conditions of operation. 
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ployed — not greater than about 2CI0 ft./Bec, as shown in Fig. 5, 

p 
The pitch-diameter ratio j: should also be very small, wliich 

meanB that, normally, very large diameters aie necessaiy in order 
that the requisite horse-power may be absorbed to the best 
advantage. A convenient chart for finding the tip speeds of all 
ptopeliera from 4 feet to 15 feet in diameter, operating at all 




rotational speeds from 700 r.p.m. to 2,500 i.p.m., is given in 
Fig. 13. 

§ 19. The Eiilel Di^tram. — A family of efficiency curves 
applicable to a particular type of two-bladed propeller is given 
in Fig. 14, and in Fig. 15 the corresponding power curves are 
plotted on a logarithmic diagram, in accordance with the method 
evolved by M. Eiffel." It should be particularly noted that the 
horae-power and velocity co-ordinates only apply directly to the 



* Vide " Resistance de 1'. 



r aviation," chap, i 
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oharacteristio curves when the propellers are 10 feet in diameter, 
and are operating at the datum rotational speed of 1,000 r.p.m. 
(16-7 revB./Bec.)- At all other diameters and rotational Bpeedft 
the oorresponding power and velocity values are obtained by 
marldng-off two segments of appropriate length and slope deter- 
mined by the D and r.p.m. scales at the right-hand side of the 
diagram. It is sometimes found useful to consider the iso- 
effioiency lines as analogous to the contour lines of a map, the 
enveloping efficiency curve of Fig. 14 (which is, for all practical 
purposes, coinoident with the locus of maximum efficiency) then 
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becoming the line of least slope in Fig. 15. Having given the 
engine power and estimated speed of an aircraft, it is frequently 
required to find the best propeller diameter to employ at a 
stated rotational speed, or the optimum diameter and best 
gear ratio to employ in order to attain the efficiency maiimum 
masimorum. Such problems as these may be readily solved by 
means of the BifEel diagram if it be borne in mind that the oblique 
scales should be manipulated so as to leach as nearly as possible 
to the centre of the diagram along the line of maximum efficiency. 
The method of using the diagram may be best illustrated by 
means of an example. Suppose it be required to find the optimum 
diameter of an airscrew and the best gear reduction to be fitted 
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to an engine developing 575 b.h.p. at a nominal rotational speed 
ol 1,750 i.p.m. We shall suppose that at maximum maximorum 
efficiency the aircraft is estimated to attain a speed of 110 m.p.h. 
near ground level. Now, obviously the propeller will require to 
be a four-blader, so that before we can make use of the two- 
blader characteristics shown in Fig. 15, it will be neoessaiy to 
reduce the given horse-power according to the result given in § 9. 
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Fio. 15. 

Thus the horse-power absorbed by a two-bladed screw having 
identical blades, and operating at the same forward and rota- 
tional speeds as a four-blader absorbing 575 b.h.p., will be given 

by -Y^ = 320 b.h.p. In Fig. 15 we may now find the point a 

corresponding to 320 b.h.p. and UO m.p.li. The points a and o 
being fised, it only requires a simple manipulation of the oblique 
scales to eSect the solution required. It is seen that the optimum 
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diameter represented by the segment ob ia 15 feet, and the rota- 
tional spe^ represented b;- the segment ah is 700 r.p.m. 

The beat gear ratio ia thus ■ . =^=0-i. If we assume a forward 

speed of 90 m.p.h. and 0-4 gear reduction, it will be seen from 
Fig. 15 that the diameter should be increased to 15^ feet, the 
efficiency of operation thereby falling from 82 per cent, to 79 
per cent. — a loss of 3 per cent., due entirely to the reduction 
of forward speed. Suppose now it be required to find the drop 
in rotational speed and efficiency with the 15} feet screw climbing 
at an air speed of 70 m.p.h., we proceed by the method of 
"trial and error" thus: Having assumed a horse-power value 
(about 90 per cent, of that when operating " all-out level "), 
we mark the appropriate point, g, and set up gk representative 
of the propeller revolutions at tlie assumed horse-power. The 
horse-power and rotational speed must agree with a point on 
the engine curve, and the diameter represented by the closing 
segment kk must be I5J feet, since the diameter has not changed 
during the climbing manceuvre. If the latter condition be not 
satisfied at the first attempt, other horse-power and rotational 
speed values must be taken from the engine curve, and the 
position of g and the length of gh adj usted till e/^ hk. 

It will be seen from Fig. 15 that the rotational speed when 
climbing at 70 m.p.h. has fallen to 630 r.p.m., the efficiency at 
the same time having decreased to 75 per cent. — or i per cent. 
below the value in level flight. The points of operation correspond- 
ing to the above results are shown in the appropriate efficiency 
curve in Fig. 14. Of course the accuracy of the results obtained 
in any case depends on the accuracy with which the family 
characteristics can be determined. We have already seen that 
their shape depends on the li/pe of propeller, as also does the 
pitoh ratio corresponding to the efficiency maximum maximormn. 
In Figs. 14 and 15 it is seen that the max. max. efficiency of 

p 
82 per cent, is attained at a ^ value of 1-3, corresponding to 

p 

W value of 0-96. This agrees with the result obtained by 

Dorand,* a max. max. efficiency of 82 per cent, being attained at 
a best pitch diameter ratio of 1-29. It is interesting to note 
from the diaoussion of R. E. Proude's paper of I886f that an 
efficiency of 70 per cent, can be attained with marine propellers 
when operating at a pitch-diameter ratio of 1-16. 

* " Btndo oiperimeatale dea helices propulsives an Laboratoiie Mili- 
taire de Cbalais Ueudoo," La Tethniqtte Airmavtvue, June 13, 1913. 

■\ "On the Determination of the moat suitable Dimenaioni of Screw 
Ptopellera," by Dr. B. E. Froude, Proetedinga of tht Inttitittion o/ NavrU 
Arthiteela, vol zxrii., 18S6. 
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g 30. The Strength ot Almrew Bladei.— In Beeking to make 

an accurate estimate of the BtreMea in, and strength of, a pro- 
peller blade, the following aerodynamic and mechanical phenomena 
must be properly taken into account — 

(a) Bending moment due to axial thrust. 

(6) Bending moment due to any gyroscopic action. 

(c) Direct centrifugal force. 

(d) Bending moment due to the latter. 

(el Twist of blades due to movement of centre of pressure 
and centrifugal force. 

In the calculation of (a), the atresses due to blade thrust, 
it is usual to first derive the bending moment diagram from the 
thrust grading curve, and, having obtained the moment of 




inertia of a nimiber of blade aeotions about their least radii of 

gyration, to apply the well-known ru]e/=-w. The torque due 

10 (6), gyroscopic action, only occurs when the propeller axis 
deviates from its straight course on account of soone manceuvre 
of the aircraft. The torque at the root of each blade may then be 
calculated from the rule if = /£Oj(Uj, where M is the total torque 
in Ib.-ft. tending to bend the engine shaft, /, the moment of 
inertia of the revolving propeller in lb. -ft.* units, uj the angular 
velocity of rotation in radians/sec. and ta^ the maximum ai^ular 
velooity whioh can be attained in any manixuvre of the aircraft. 
It is usual to assume that a maximum angular velocity of one 
radian/aeo. may be instantaneously attaint by an aeroplane in 
"flattening out" after a steep nose-dive. In determining (c) 
the centrifugal force on the propeller blade at any section, we 

W 
apply the rule o.f. — — «|*r, where IF is the weight of that portion 

of the blade beyond the section oonsidered and r is the radius 
of rotation of its centre of gravity. The calculation of (d), 
the bending moment due to centrifogal force, is not so simple. 
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The objeot of the designer ia to so proportion and dispose the 
material of the propeller blade that a negative bendii^ moment 
shall be obtained sufficient to canoel (a), the bending moment 
due to direct aerodynamic thrust. The usual method of effecting 
this end by swinging the propeller tip forward in an axial direction 
is illustrated in Fig. 16. It will be seen that the direction of the 
centrifugal force on a small blade element, B, interseots the 
" fixing section," A, at a jdan distance, a, from its e.g. nearer to 
the traUing edge, and an eUoation distance, b, also nearer the 
trailing edge of the propeller. These distances are set out 
in the enlarged end view at Fig. 17 (a), the " effective eccen- 
tiioitj," or lever arm, at wtuoh the elemental centrifugal 
force acts being shown at «. By swinging the tip forward, as 
in diagram lb), the eooentrioity is reduoed to e', while in 



.f'iuSS^ 




diagram (c) the eccentricity, e", is negative, and a negative 
bending is produced in the blade tending to "washout ' the 
thrust bending. 

The estimation of (e), the twist of the blades due to the move- 
ment of the centre of pressure, is another difficult problem. 
Dorand has oonduoted many experiments on this point, and 
he concludes that the aerodynamic reactions, normally falling 
ahead of the centre of gravity of the various sections, tends 
to increase the pitch of a propeller, while the centrifugal fnee 
has the opposite effect.* 

§ 21. UMfnl HisoellaiiMmi Data.'-la) The density of standard 
air is defined as 0-0762 Ib./ft.", or 1-221 ldlog./m.» at a pressure 
of 39-9 inches, or 759-5 mm. of mercury and at a temperature 
of 16° C. or eO-e** F. The normal rate of fall-oft of air density 
and engine-power with height is given in the following table in 
terms of the standard air density, which normally occurs at 
about 800 feet altitude. 

it lean ooeffioients de B^ntiti," La 
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Tabu ihowikq IjlLl-ott oj Aik Dxnsitt 

WITH HlWBT. 


vmt BvoiHE-PowiB 


Height in PM. 


'■■""•y^'4-^' 


Ptrctntagt <if Nontai 



5.000 
10,000 
15,000 
20,000 


1026 
87-5 
74-0 
63-1 
63-3 


103-0 
86-5 
eO'S 
58-0 
4S-0 



{b) The averse denait}' of mahc^any is 36 Ib./ft* (-03 Ih./ia.*). 

(c) If c and t be the chord length and thickness reapeotiTely (xF a 
wdl-projiortioned propeller section, the area will be approxi- 
matdy given by the Fiue jl^^'Tcf.and the moment of inertia about 
its axis of least gyration will be given by 7=04 ct,' Also, if 
the maximum ordinate be situated at one-thiid the ohord length 
measured from the leading edge, the o.g. of section will be 
rituated at a point 0-37 c from the leading edge, and 0-43 1 above 
the chord line. 

((f) 100 m.p.h. - 147 ft./8ec ->44-7 metres/eee. - 87 knots. 

(e) 1 inoh-2-64 cms. 1 foot = 30-6 cms. 1 kil<^.-2-2 lb. 
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